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PREFACE. 



The following pages have been written with the view 

of supplying a want which the author has himself 

experienced in the study of practical mechanics ; for, 

although there are many treatises on the subject, there 

^is not one which takes the student direct from the 

(V- simpler to the more complicated problems which occur 

+ in practice. The elementary portion is, however, 

^treated in as short a way as possible, the chief part 

^of the space being devoted to the solution of pro- 

'^blems which can only be gathered from a number of 

I different books, such as the works of Baker, Barlow, 

P^Box, and Twisden, and the papers by Bell, Christie, 

, Clarke, and Fidler, in the Proceedings of the In- 

^stitution of Civil Engineers and American Society 

of Civil Engineers, and these the author has freely 

consulted. 

While designed for the student, it is intended that 
the work shoidd be useful for every-day reference in 
the engineer's and architect's office, and for this pur- 
pose the examples which are given are all either of 
practical application or else are designed for the pur- 
pose of comparing calculated results with actual experi- 
ments, and so establishing the formulsB in the most 
satisfactory way. 

15, Gbeat Geobob Stbeet, 
Westminsteb. 
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CHAPTER I. 

DATA. — WEIGHTS OF MATERIALS. — EFFECT OF HEAT. — 
RESISTANCE TO TENSION AND COMPRESSION. — FACTORS 
OF SAFETY. — LOADS ON ROOFS, FLOORS, AND BRIDGES. 
— SUPPORTING POWER OF FOUNDATIONS. 

1. It is assumed in the following treatise that the 
reader is acquainted with the elements of Algebra, 
Euclid, Trigonometry, and Mechanics; but a knowledge 
of the higher branches of mathematics is not required. 

As regards Algebra, the use of quadratic equations 
is occasionally necessary, and the following summa- 
tions are sometimes made use of: — 

If s = a + (a + 6) + (a + 26) + . . . + Z, 

Then« = |(a + Z)=||2a + (w-l)6j. 

If. = P + 2^ + y + ... + < Then ^ = ^?i!^^-P^ 

D 

n n n n 

' B 
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for cot ^ may be written which equals — , since 



2n 



TT TT 

. 2 2 

-- w tan - 



the limit of w tan — , when n is indefinitely increased is ^. 

Also (l + a.)»=l + „a; + ??^a;' + ^^^(^3-^W + . . . 

In Mechanics, the parallelogram and triangle of 
forces, the principles of moments and couples and the 
properties of the centre of gravity, are assumed to be 
understood, as also are the fundamental laws of the 
pressure of water. 

2. The following may be taken as the weights of 
some of the principal materials used in construction or 
affecting structures, in pounds : — 
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Water, Fresh 62^ per cub. foot, or 10 per gallon. 



„ Salt 


64 


17 


77 lOi 77 


Oil 


66 


?> 


77 9 77 


Wrought Iron 480 


» 


77 10* per. sq. foot i thick. 


Cast Iron 


466 


J1 


77 lOf 77 7? 


Steel 


492 


?> 


77 104* 77 77 


Fir 


37 


77 




Yellow Pino 


28 


77 




Pitch Pino 


37 


77 




Teak 


66 


77 




Oak, English 


46 


77 




» Bog 


66 


77 


« 


Ash 


47 


77 




Beech 


43 


77 




Elm 


34 


77 




Slate 


180 


77 




Granite 


170 


77 




Flint 


164 


77 




Sandstone 


140 


77 




Masonry 


140 


77 




Brickwork 


112 


77 





3. A rise of temperature of 1° Cent, will lengthen a 
bar of iron '000011 of its length, and so a variation of 
46°, which is the maximum we need in general allow 
for, will alter the length 'OOOB ; and if the bar is fixed 
at both ends, this, as will be seen in what follows 
(Chapter iv.), will induce a strain of 6 tons per square 
inch in the metal. 

4. The following table gives what we will consider 
as the resistances to tension and compression of some 
of the most commonly used materials. These resist- 
ances are very variable, but as a large Factor of safety 

— r I I . . . -. . . . 

* It is usual to add 5 per cent, for rivets and bolts, 
t Allowance being made for inaccurate casting. 
With most of these materials the actual weights vary from 
some 5 per cent, over to 5 per cent, under the weights given. 
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is always taken, they are sufficient for our purpose. 
They are given in tons per square inch. 







Tension. 




Compression. 










Factor 






Factor 




Ultimate. 


Safe. ( 


)f safety. 


Ultimate. 


Safe. 


offtafety. 


Cast Iron . 


. 


7-00 


1-50 


4-7 


42-00 


6-00 


7-0 


Wrought Iron 


22-00 


B-00 


4-4 


1900 


B-00 


3-8 


Steel*. . 




32-00 


6B0 


4-9 


32-00 


6-BO 


4-9 


Brick . . 




0-12 






0-2& 


0-05 


BO 


Blue ditto 










1-00 


0-20 


BO 


Slate . . 




4-30 






B-00 


0-BO 


10-0 


Granite . 








^^ 


300 


0-BO 


6-0 


Sandstone 










1-00 


0-20 


B-0 


Firf . . 




B-00 


0-7B 


6-6 


2-7S 


0-BO 


B-5 


1 

Ash •*• . . 




7-00 


1-00 


70 


4-00 


0-7B 


B-3 


Oakf . . 




5-00 


0-7B 


6-6 


3-00 


0-BO 


60 


Teak . . 




600 


1-00 


60 


4-BO 


0-7B 


60 


CeTnentJ(neat 


) 0-12 






1-00 


0-20 


BO 


Ditto (2 to 


1) 


0-04 




— 


0-BO 


0-10 


BO 



5. In calculating the strength of roofs, floors, and 
bridges, the loads usually allowed for are as follows : — 

Pressure of wind on bridges \ 

under the control of the ( e-/? ii q ^ n t 

Board of Trade, or in ^ery f ^^ ^^«-§P«'^^1"^'^«f'^*- 
exposed situations . . . . / 

* The tensile strength of steel for ship plates according to 
Lloyds should be not less than 27 nor more than 31 tons per sq. 
in. with 20 P. ct. elongation in 8 ins. and for L.l.' not less than 
27 nor more than 33 tons with 16 P. ct. elongation. 

The plates should be capable of being bent to an inside radius 
of li times their thickness when heated to a low cherry red, and 
cooled in water of a temperature of 28** C. 

t The resistance of fir to shearing is '25 tons, of ash '50 tons, 
and of oak 1*00 tons, per sq. in. ultimate ; or of '05, '10, and "20 
tons, respectively, safe. 

X Portland Cement, set 30 days. ' 

§ Inclined to the horizon at an angle of 30°. 
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8 








9 








4 








3 




' '77 




2 


?> 


77 


77 



1 CWt. 77 



Pressure of wind on roofs and | 

bridges which are not in > 40* lbs. per square foot. 

exposed situations . . . . ) 

Slating , 6 

Plain Tiling 18 

Pan 

Glass, Zinc, or Corrugated Iron 
1 in. Slate boarding .... 
2i in. X 3^ in. Eafters laid 15 '\ 

ins. centre to centre, includ- ir 

ing slate battens . . . . ) 
Live load on house floors and ) 

foot bridges ) 

Live load on railway passen- ) ^^ 

ger platforms j J-2 " 

Live load on warehouse floors 
Metalling and Ballast . . . 
Permanent Way, single line, 

84 lbs. rail, and 10 ins. x 5 ins. 

sleepers, .4 ft. 8^ ins. gauge 

exclusive of baDast — chair 

road ......... 

Roadway Bridges, moving load 

Railway Bridges — moving load, single line. 

For spans up to 16 ft. . . 16 tons at centre, 
77 from 30 ft. to 100 ft., \\ 77 per foot run, 
>7 above 100 ft. . . l\ 77' 77 on 100 ft., 

s^ *' 77 on the rest. 



3t 



77 

'77 



77 



77 



77 



77 



77 



per cubic foot. 



77 



77 



lineal 



77 



IJ 77 77 square 77 



77 



* Inclined to the horizon at 
a,n angle of 30**. 

t 2 cwt. for grain sheds. 

X Provision must be made 
for a traction engine. The 15 
ton traction engine shown in 
Fig. 1, is the heaviest in com- 
mon use. 

§ IJ tons throughout, if 
under Board of Trade control. 



¥».^aA^s 



— I 



^ 



T 



I 

i 

% 






'SI 



^ripAfs 



ATpMS 



—/«>•. — — 



J. 



Fig. 1. 
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The maximum weight of a locomotive engine may 
be taken at 45 tons,* distributed over a length of 30 
ft., and of this 16 tons may be on each of two axles 
placed 8 ft. centre to centre. With its tender the 
engine would weigh 70 tons distributed over BO ft. In 
taking the loads on a bridge provision should be made 
for two engines and tenders equal to 100 ft. lineal at 
li tons per foot, and J of a ton per lineal foot for the 
train following, and this has been done in the fore- 
going table. 

6. In foundations the following pressures may be 
safely put on a superficial foot : — 

Eock 13 tons. 

Chalk 4 V 

Solid Blue Clay and Gravel . . . 3 to 6 ?> 

London Clay 2 j> 

12 in. X 12 in. piles well driven . . 20 to 30 » 

* Min. Inst. Civil Engineers, vol. Ixxxii., p. 348. 

The author is indebted to Messrs. Hunt, Hanbury, and Eow- 
landson for the following maximum weights of engines on their 
respective railways :— 

Length (buffer Total Load on 

Bailway. to buffer). Weight. one Hxle. 

Lanes, and Yorks. . 86*7 feet. 56*7 tons. 17*5 tons. 

Metropolitan . . . SI'S » 46*6 »» 18*6 » 

Mersey 51*0 >» 17*0 » 

Board of Trade . . 34*7 »» B2'2 »» 174 »» 

He is also indebted to Major-General Hutchinson, E.E., for the 
following equivalent distributed loads which are calculated from 
the engine which is designated above ^* Board of Trade.'' 

Span in feet. Boiling Load per foot run. 

10 to 16 ... . 3-47 tons to 2-26 tons. 



16 »» 20 
20 »» 40 
40 » B5 
55 "100 



2-26 '» 

2-26 »» »» 1-74 » 

1-74 »> » 1*59 » 

1-59 » >» 1-57 »» 
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Examples, 



1. A cast iron cistern is 2 ft. long, 1 ft. 6 ins. wide, and 
1 ft. 6 ins. deep over all. If the metal is f in. thick, find 
the weight, and also that of the water contained in it, when 
its surface is 2| ins. below the top. 

Answer f Cistern, 1 cwt. 3 qrs. lbs. 
Water, 1 cwt. 3 qrs. 21 lbs. 

2. Will the above float if it is empty, and how much of it 
will be out of the water ? 

Answer, 5^ ins. 

3. Give the weight of a pitch pine balk 14 ins. square and 
30 ft. long. ' 

Answer, 13 cwt. 1 qr. 27 lbs. 

4. If a. square piece of elm be floated in fresh water, how 
much will be immersed ? 

Ansioer, •544. 

5. What thickness of wrought iron must be fixed to the 
bottom of this to cause it to float in salt water with 1 in. not 
immersed, the timber being 12 ins. deep ? 

Answer, '71 in. 

6. What must the length of a girder be for the changes of 
temperature to which we are liable in this climate to lengthen 
it 1 in. ? 

Answer, 166 ft. 8 in. 

7. What loads may be safely put on wrought iron bars 
IJ- in. 1 in. and f in. m diameter ? 

Answer, 6*1, 3*9 and 2*2 tons respectively. 

8. The weight of the superstructure of one span of a 
viaduct together with the moving load amounts to 100 tons. 
What size should the foundation of one of the piers be if it 
is of brickwork, 18 ft. long, 3 ft. 9 ins. wide and 20 ft. high, 
and rests on blue clay ? 

Answer, The 18 ft. x 3 f t. 9 ins. base would be sufficient 
as the pressure per sq. ft. with this would be only 2*48 tons. 

9. There is halt a yard of ballast per yard run on a rail- 
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way bridge. Give the weight per lineal foot of the dead and 
live loads exclusive of the weight of the structure itself for 
the following spans — single line : — 

16 feet, 20 feet, 30 feet, and 200 feet. 
Answer, 2*33 tons, 2*25 tons, 1*83 tons, and 1*83 tons. 

10. A water tank is 6 ft. deep ; find the pressure per lineal 
foot against its side, and the depth below the surface at which 
its resaltant acts, the tank being full. 

Ansicer, ^ ton at 4 ft. below the top. 
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SIMPLE STRAINS IN GIKDERS AND FRAMED STRUCTURES. 

7. If a weight rests through the medium of a beam on 
two abutments it is supported by their reactions, and the 
sum of these is equal to the weight. 

If the weight is central, the reaction of each abut- 
ment is equal to half the weight ; if not, it may be 
determined by the principle of moments in the follow- 
ing manner : — 

In Fig. 2 let TT be f 

the weight acting at c, ' ^ \ ^ 

and let it be supported f^ 
by the reactions i?j, i?2 I ' -^ 
at a and b. 



Fio. 2. 



By taking moments about b we have :— 
R,.ab = W.cbJ.e.B, = jj^W. 

And by taking moments about a we have :— 

1?2 •«& = W.ac, i.e. ^2=-l ^^• 
Following from which we see that : — 

9 
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Xiet ibe dfipdi of tlie liaui be h, tbe area of the 
Hoi^e in Aqtmre inches a, and the resistance of the 
metal to tension or compression, in tons per square 
inch when W is in tons, s. 

Then we have, by taking moments at c about either 
flange : — 

or, putting M tor ah , , , . . = sM. 

M is called the moment of resistance of the beam. 
For plain girder sections, as in Fig. 3, in which no 
account is taken of the web, it is simply 
the area of either flange multiplied by 
the depth between the flanges. More 
complicated sections will be considered 
in Chapter iv., but we may state here 
that the general value of M is a^sji^ 
■\-a^Ji^-\r . , . +a»«„A„, the area 
of the cross section being divided up 
into parts, and each taken separately, 
«„«; . . . being the aref of ea/h _ . ^ 
part, «i, «2, . . . the strain per unit in it, and 
Ai,A„ . . . the distance apart of the corresponding 
tensUe and compressive members. 

W db 

8. If the weight is central 7?^ = ^, also «c= o^ and 

this we will call ^. 
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Wl 



Hence we may write -^.^ = sM. 



Halfway between the centre of the bearing and the 
abutment, we have 



so. 



(«3/)' = 



sM 



e« Z 



t 
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Now if the moment of resistance of the section is 
proportional to the strain 8 will be constant, but if the 
section of the girder is the same throughout s will 
vary. 

Thus we have ^| =8M' or = 8'M. 

9. If the beam carries an equally distributed load 
W, in taking moments ^ i^ 

about the centre we ^ F" |i_ 

may consider half the 
weight to act at d, and 
half at e, Fig. 4, these Fio. 4. 

points being j from each abutment, and we have : — 

Wl Wl_ j^j. 

i.e. -n-7 = sM. 

Again, taking moments at d or e, 

Wl Wl , ,.., 

i.e. ^W.l = 8M' or = s'M. 

10. It is convenient to show the amount of the 
moments by a diagram as is done in dander's " Girder 
Construction," a work which we cannot too strongly 
recommend to the student, the plates being of real 
practical value. 

If 8 is constant, the variable values of M may be 
plotted off the line ab. Thus, in the case of a concen- 
trated load, Fig. 2, if the depth of the girder is con- 
stant, the necessary sectional area at any point can be 
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Fig. 5. 



obtained by scale from the diagram Fig. 5, the height 
o.c being marked oif to 
any convenient scale 
equal to a. 

It will be seen with 
a very little considera- 
tion that the lines oa 
and oh will be straight, 
so that midway between 
c and a the sectional 

area necessary will be ^^ and so on for any other point. 

In the case of the distributed load, Fig. 4, the line 
aob is a parabola, as can be easily proved. If the 
student has not, however, studied Conic Sections, he 
must plot the curv-e by taking moments at a number 
of points. 

Thus at c the height 

oc will be equal to i---,- , 

8 8,n 



andatc^ande 



• . 



* 32' s.h • 




t ^ — 



Fig. 7. 



11. With a cantilever 
or beam fixed at one end and loaded 
at the other WJ = sM^ 

and for a distributed load TF-g = sM. 

12. A beam fixed at both ends is really composed of 
two cantilevers and a girder. The strains for a central 
load in such a beam act 
as in Fig. 8, and for a 
distributed load as in 
Fig. 9. Taking one 
flange, say the top, for 
the purpose of illustra- *^ Fig. 8. 
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Fig. 10. 



tion, it will be s6en that 
from a to A and 6 to fe 
the strain is tensile, and 
from h to Jc compressive, 
and that at h and Jc 
there is no strain at all. 
A beam continuous over several spans may be re- 
garded as fixed at the ends for each span, and is called 
a continuous girder. 

13. If a framed sb*ucture^ such as a, b, c, Fig, 10, 
supports a weight W at 
c, a7id is itself supported ^f 

at a and b, the strains on 
the various member's may 
be calculated by means 
of the triangle of forces. 

At the point a we 

have the vertical up- 

W 
ward resistance of « ? and the strains in ca, ab which 

maintain equilibrium. 

Draw the triangle i. 5. 5, so that its sides are 
severally parallel to ac, c W and ba. Then by the triangle 
of forces 1.3: 3. 2: ^, 1 : : strain in ab: upward resistance 

W 

-^ ; thrust ca ; and the forces act in the directions 1 to 

3, 3 to ^ J and ^ to 1, so that ca is in compression and 
ah in tension. ttt 

Now since the upward thrust -g- represented by 3S 

is known, the thrust 2.1 and tension 1.3 can be cal- 
culated ; but it is the simpler plan to plot the triangle 
to scale and measure the strains. 
Thus, if 3.2 and 2.1 measure 1 in. and 2 ins. respec- 

W 

tively, and if ^ is 10 tons, the thrust ca will be 20 tons. 
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This method of calculation is called the graphic 
method ; it is quicker, and there is in it less chance of 
a grave error than there is in the more mathematical 
method. 

14. There are three ways by which the strains in the 
above figure may be calculated : — 

The first is by the graphic method^ as shown above. 

The second by means of momentSj the strain in ab 
being calculated by taking moments about c, and that 
in ac about any point in ab. 

The third by the method of sections ; for if a section 
hk is taken, it is clear that for equilibrium all the re- 
solved parallel forces acting in one direction must equal 
all those acting in the contrary. 

16. As an example 
we will take the roof 
truss shown in Fig. 11, 
and calculate the strains 
by each of the three 
methods : — 

Call the span a&, Z, ; 
and let the height be -j and the equally distributed 

load TT, and let ad = dc. 

The equally distributed load will be supported by a 

W 
vertical upward resistance of q- at each abutment a 

and &, and the load may be assumed to act as follows : — 

^ . ^ .^ W ^ W ^ .W .. 

-o- at a, -J- at a, -^^ at c, -j- at e, ana -q- ati o. 

We will first proceed by the graphic 
method, and to simplify the figure and 
reduce the labour will only consider 
half of the truss. 

Draw the vertical line 1.7 'and di- 




V-- 



t 



Fia. 11. 




W 



Fm. 11a. 

W ^r W 



vide it so that 1.2 will represent -, 2.3^ -.-, 5.5, -.-> etc. 

O 4 4: 
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Bisect 3.5 in ^, draw the horizontal line 4^.0 through 

it, and draw 0.^ and 8.3 parallel to a.c^ 0.8 parallel 

to d.fy and 8.9 parallel to f.c, ; — 

Taking first the strains at a ; — n^ 

We have a vertical upward resistance of -^ repre- 

^ W 
sented by ^.i, a downward vertical pressure of -g- 

represented by 1.3j and a thrust along da and a pull 
along ab represented respectively by ^.0 and 0.4, the 
amounts of which can be ascertained by scaling firom 
the figure 11a. 

Next taking the point d ; — 

We have an upward thrust along ad represented by 

W 
0.2 J a downward pressure of -^ represented by 2.3. and 

thrusts along cd and fd represented by 3.8. and 8.0. 
respectively. 

Again at /*; — 

we have along /a, df, fc, and fg strains represented 
by ^.0, 0.8, 8.9, and 9.4- respectively. 

AJid at c ; — 

Along cf and dc there are strains represented by 9.8 
and 8.3 which, combined with half the weight at c or 

W 

-Q- represented by 5.^, are resisted by a horizontal 

thrust of 4.9, vhich is equal to the strain in fg. 

By scaling from Fig. 11a, we find that the strains in 
the difiierent members are as follows : — 

In ad a thrust represented by 0.2 or + '84 W 

" +-72 
+ •22 
-•7B 
-•BO 
-•25 

and the external forces are the vertical upward pres- 



dc 7J V 


, 8.3 


df » 


. 0.8 


<Y A tension > 


> 0.4. 


fg » ' 


, 9.4. 


fc » ) 


1 8.9 
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W 
sure of o fl-t «, the horizontal thrust of "BO W at c, and 

WWW 
the pressures of o ? r > o- at a, d and c respectively. 

16. "We will next proceed by the principle of mo- 
ments, and taking first the moments round the point c, 
we have — 

tons. 

Wl Wl Wl , . . r I n 

T'2 ~ "8 2 " 4 i " ^^^^^ ^^f94= "» 
Hence the strain in fg or 5.^ = W , > 

i 

= •50 ir. 
Also - . -J - strain in dfxcd = 0, 



Hence the strain in df or 0,S 



Wl 
= 223 IT. 



Next taking moments about the point f. we have — 

Wbl Wbl W I , . . . ^5/ n 

-2-16 - 8 '16 - "4 16 - '^'^'^ '^ '^-16 ^ = °' 

Whence the strain in erf. = '726 W; 

^ Whl Wbl , . . , V'B, p. 

and 2 -1 6 - 3*1 g - strain m era. -jg Z =0, 

Whence the strain in ad. = '84 W; 
or we might say — 
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Strain in ad,-— J. — strain in cd.-^J — -r-zTn = 0, 

16 lb 4 lb 

(•84-726)TF4|^=f. 4 

which shows a very near agreement. 
Again taking moments at d — 

Wl Wl ... fin 

"Whence the strain in af — '76 W. 

Also, 
•75 TTc-'BO TF|-strainin/c. 5 =0, 

O O O 

Whence the strain in fc = •26 W, 

17. Lastly by the method of sections. 

Draw a vertical line between a and d, and resolve 
the strain in ad horizontally and vertically by means of 
the parallelogram of forces. 

Since the vertical component must be equal to the 
weights which have to be transmitted through it, we 
have ; — 

W W 

rp, . . . ^ 4 "^ 8 3 W 
The strain m ad = i  , = ^"-. — =-=•, 

sm dab 8 sm dab 

o 1 

7s 

And j> » af= strain in ad, cos do6, 

_3TF 2 _-5^ 

-§T 75" ^^ ^• 

It is not necessary to exemplify this method further, 
as the strains in the other members can be calculated 
in exactly the same way. o 
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Examples. 

1. If the span of the cross girders of a railway bridge is 
11 ft. and the rails are 5 ft. centre to centre, each rail 
being thus 3 ft. from the nearest support, find the value of 
M, 8 being 5 tons and the weight on each rail 8 tons. 

Anstver, 4*8. 

2. If the depth is 12 inches, give the sectional area. 

Answer, 4*8. 

3. If the span is IG ft. and each rail 5 ft. 6 ins. from the 
support, find M and a. Anstcer, M=8 8, a =8-8. 

4. If the span is 26 ft., and the line double, the rails being 
thus respectively 5 ft. and 10 ft. from the supports, find the 
values of M and a at each rail, the depth being 2 ft. 

Anstcer^ M= 24 ins. and 16 ins, a = 12 ins. and 8 ins. 

Wl 

5. For a cantilever loaded at the end, prove that a= — -,- 

G. ?> » » equally » a= ^—^ 

m 

4sd 

Wl 

8. )> u ii equally ?» a= j<— 5 

Where a is the sectional area in square inches, 
» W » the load in tons, 

)) 8 ?> the resistance of the metalin tons per square inch, 
)) I 11 the span in feet, 
» d » the depth infect, 

9. A load of 8 tons is 2 ft. from one support and 14 ft. from 
the other ; find- the reactions of the supports, and the value 
of M at the load and at the centre of the span. 

Answer, 7 tons and 1 ton, 2*8 ins. and 1*6 ins. 

10. The load on a girder is one ton per foot run, the 
span 25 ft. and the depth 2 ft. 6 ins. ; find the necessary 
sectional area. . 

Answer, (j\ ins. 

11. Find the sectional area for a span of 60 ft. and depth 
of 6 ft., when there are two girders carrying a double line of 

^^^"^^y- Anmer, 30 ins. 



7. jj girder » at the centre »> a = 
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12. A rail weighing 69 lbs. per yard and 16 ft. 6 ins. long 
rests on a fulcrum 15 ins. from one end, and sustains a 
weight of 1 cwt. at 3 ins. from the other ; find the force 
exerted 12 ins. from the fulcrum. 

Ansicer^ 38*72 cwt. 

13. In the last question if the force is a ton, how far will 
it act from the fulcrum, the 1 cwt. being removed ? 

Ansicer^ 14*23 ins. 

14. In the last question find the position of the weight 
which will produce a pressure of (a) 3 tons and (6) 4 tons, 
at a distance of 6 ins. from the fulcrum. 

Anstcevj (a) 1 cwt. at 6 ft. 3*43 ins., and (6) 2 cwt. at 
8 ft. 1*71 ins. from the fulcrum. 

15. A cantilever, 12 ins. deep and 12 ft. long, sustains an 
equally distributed load of 3 tons ; find the sectional area 
required if the resistance of the metal is taken as 5 tons per 
square inch. Answer^ 3*6 ins. 

16. Girders 36 ft. span, 12 ft. apart and 3 ft. deep, carry 
(a) the roof of a passenger station, and (6) a warehouse floor. 
Find the sectional area in each case. 

Answer^ (a) 2-31 ins., taking the load as 40 lbs. per sq.ft. 
(b) 19-44 ins. 

17. Draw a diagram of the strains on the roof of which 
one of the principals, which are 12 ft. apart, 30 ft. span and 
7 ft. 6 ins. high, is shown in Fig. 11, it being acted on by a 
pressure of 40 lbs. per square foot at an angle of 30° to the 
horizon, in addition to a vertical dead load of 14 lbs. per 
square foot. 

18. The conditions being the same as in the last question, 
draw a diagram of the strains, the span being 40 ft. and the 
height 8 ft. 6 ins. from the apex to the tie bar and 10 ft. to 
the supports. 

19. A lattice girder 100 ft. span and 10 ft. deep is divided 
into 10 equal bays by verticals which take the compressive 
strains, the diagonals taking the tensile. The dead load 
being 15 cwt. per lineal foot, trace the progress of a rolling 
load equal to 30 cwt. per lineal foot on to and over the 
bridge. 

(N.B. The loading is as for one of tivo girders carrying a 
double line of railway.) 
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20. Find what height of salt water pressing against it 
will cause a brick wall, 3 ft. thick and 6 ft. high, to revolve 
about a point 1 ft. from the outer edge. 

Answer, 4 ft. 6^ ins. 

21. To what height can a brick wall 18 ins. thick be 
carried so that a horizontal wind pressure of 40 lbs. per 
square foot will not overturn it on its edge — (a) neglecting 
the tenacity of the mortar, and (b) assuming the elasticity to 
be perfect, and the maximum tensile resistance of the mortar 
to be 10 lbs. per square inch. 

Anatoevj (a) 6 ft. 3| ins., (b) 11 ft. 2 ins. 

22. If a wall 13^ ins. thick and 12 ft. high has cantilevers 
fixed to it at the top, to what distance can they be carried 
in order that the line of action of the resultant may fall 
within the middle third of the wall, the resolved vertical 
pressure on the roof being 56 lbs. per square foot ? 

Answer, 2 ft. 10 ins. 

23. Two steel girders G ft. deep carry a single line of 
railway over a span of 60 ft. If the sectional area is con- 
stant throughout, give an elevation showing the varying 
depth. 

24. Give the necessary sectional area at each 10 ft. in 
the last case, if the depth is constant. 

Answer. At 10 ft. from the abutment, 6*4 ins., at 20 ft., 
10*25 ins., and at the centre, 11*5 ins. 

25. The iron cantilevers of a verandah are constructed 
as in Fig. 12, and exposed 
to an equally distributed 
vertical pressure of 56 lbs. 
per square foot. Give the 
sectional areas of the 
flanges at the points A. A, 
B.B, and CC, the canti- 
levers being 10 ft. apart 
and not bolted down. 

Answer, 3*6 at A.A, 3*6 
and 4-2 at B.B, and 3*6 at 

ac. 

26. The driving axles 
of a locomotive are 8 ft. 




Fia.'12. 
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centre to centre, and the weight on each 16 tons ; find the 
required moment of resistance of one of the rails, if the 
metal is strained to 10 tons per square inch, and the up- 
ward resistance of the sleepers is considered as equivalent 
to an equally distributed pressure. Anstver^ 9'6 ins. 

27. If in the last question the span is taken as 6 ft., 1 ft. 
at each end being con- ^ 
sidered as a cantilever, 5 ' 
what is the moment ? \ j^ ] - -v4^>>-« -Vi 

Answer, 5*4 ins. |r — yr — tt — 'h — ^x — 7 

28. The principals of J\ / \/^\/ \/ \/i 

a roof are 50 ft. span, ^ ^ — V ,. V V_-4 

and are supported by the "^" ., | 

iron warren girders of Fio. 13. v 
120 ft. Spain, shewn in 

Fig. 13. Give the strains on the various members, thie 

load being taken at 66 lbs. per square foot acting vertically. 

Anstver 1st Bay 2nd Bay 3rd Bay 4:thBay 5th Bay. 

Diagonals 15 J 12^ 8| 5^ If 

Top flange 8 2l| 32 39 42j 

Bottom,, 15| 27| 36^ 41J 43^ 

29. A cofferdam sustains the pressure of a head of 24 ft. 
of water, and is supported every 10 ft. at 4 ft. from the top 
by props which are inclined at an angle of 60° to the hori- 
zontal. Find the pressure along each (a) if the water is 
fresh, and (b) if it is salt. 

Anstverj (a) 64*3 tons, and (&) 66*8 tons. 

30. If the inclination is j, find the pressure in the first 

case. Ansicer, 45*6 tons. 

31. A rail 26 ft. long, weighing 67*2 lbs. per yard, rests on 
a folcrum near one end and supports a weight of a ton at a 
distance of 2 ft. from the fulcrum. Find the distance of the 
latter from the end, when the rail is just balanced. 

Answefj 5 ft. S{\ ins. 

32. In the last case what pressure would 2 cwt. placed 
16 ft. from the fulcrum exert at a distance of 6 ins. from it, 
if the one ton weight was removed ? Answer j 7*2 tons. 



CHAPTEE m. 



STEAIN OUT OF CENTEE. — TfflN TUBES. — THICK TUBES. — 

EIVETED JOINTS. — TOESION. 

Steain OUT OF Centbe. 

18. A force P acts as shewn in Fig, 14, and is resisted 
by four parallel and 
equally spaced forces p^^ 
P21 P3} P41 through the 
medium of a rod db^ 
which will not bend ; it 
is required to find the 

values ofpi^ P21P31 Pa *^ 
terms of P. 




Fig. 14. 



We have 
Also 
And (22) 

i.e. 

and 



Pi-^ P2+ Ps-^P4. = P 
3/?i + 2p8 + Ipa 

Pi- P% 
i>i+ Pz 

By solving these equations we obtain 

jPi =7p3= IP, 



(1) 

= 3P (2) 

=JP2-JP3=JP3-i>4 

= 2p2 (3) 

= 2P3 (4) 



JP2 

Pz 

i>4 



= 4P3= T.P, 

10 ^ J 



It will be observed that a compressive strain at p^ 

22 
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induces a tensile at p^^ a result which has an im- 
portant bearing on the strength of brick and stone 
arches and reservoir walls. 

19. To find the neutral pointy i.e. the point where the 
strain is zero, when P is resisted by an infinite number 
of parallel forces. 

Itetp be the unit strain opposite P. 
This strain will decrease from a to 6 (Fig. IB) , where 
it will become zero, 



and so again to c,where 
it will be negative, & 
being taken as the 
neutral point. 

Put ab = x and bc = a 
Then the mean unit 




Fio. 16. 



P 

2' 



strain between a and 6 will be n, and that between 

6 and c will be -^. 

X 2 



Hence 



or 



P-Px-^^Pa 



-L\^-^>i' 



P 
P 



05* — a* 



2a! 



(i) 



Also pIx + 



a)=}a{|x + |a)=|a!(a! + a), 



or 



(2) 



P_x{x-¥a) 

From (1) and (2) 

we get cc^ — 3a^x — 2a' = 0, 

And the solution x = 2a satisfies this. 

20. It is clear that for the strain at c to be zero the 
force Pmust be applied at a point which is |ac from c, 
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Fig. 16. 



for the centre of the parallel forces decreasing from p at 
a to at c coincides with 
the centre of gravity of 
the triangle acd^ Fig. 16. 

21. From this it will be 
seen that with materials 
which offer but a small 
resistance to tension, a 
force must not be applied 
outside the middle third of the width ; and that when 
applied at one-third from the edge the strain at this 
edge will be at a maximum, while at the other edge it 
will be zero, and the maximum unit strain will be 
double the force divided by the area of the section. 

In the case of an arch it is therefore necessary that 
under every condition of loading the line of resistance 
should be within the middle third; and in the case 
of a reservoir wall that it should be so placed, whether 
the reservoir is empty or full. When empty it is 
only the weight of the wall itself which has to be 
dealt with, so that it is only necessary that at every 
horizontal section a vertical line through the centre 
of gravity should be within the limits. When full 
in addition to the weight the moment of the water 
pressure has to be allowed for. 

' All materials offer some resistance to tension, and in 
some cases this may be taken account of ; but it is gene- 
rally better to act on the above principle and let the 
resistance to tension be considerea as so much safety. 

22. It will be noticed in (18) that the forces i\^ 
JO2, . . . have been assumed to be in Arithmetical Pro- 
gression. This is true within certain limits so far as 
experiment has revealed. All materials that have been 
experimented on up to a certain point, which is called 
the limit of elasticity and is in all cases very much 
higher than the working load, yield under both com- 
pression and tension in direct proportion to the strain. 
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Thin Tubes. 

23. To find the strains on a thin tube exposed to in" 
ternal pressure. 

Let ab (Fig. 17) be the diameter of a cylinder in which 
the thickness of the 
metal is small com- 
pared with the diam- 
eter; it is required to 
find the strain on the 
metal caused by a force 
of p per unit of area 
acting at right angles 
to the surface. 

If the forces p are resolved horizontally and vertically, 
the sum of the vertical components will have to be 
resisted at a and &, that is to say, the strain at a will be 
half the sum of the vertical components. If there are 
n units of length in the circumference a 6, each will 

be equal to — , and the total vertical pressure will be 




P 



m-r 
n 



•_7r . • Zir , 
sm- + sm — + 

n n 



+ sm 



n 



and this becomes (sec. 1) j?.2r, so that the strain at a 
will hep,r. 

24. This result might also have been obtained in 
the following way : — ^ 

Let cdef (Fig. 18) be a 
square of which the length 
of each side is 2r. 

Then the pressure against _ 
one side ef will be p, 2r, and 
this will be resisted by the 
tensile strains in ce and df^ 
each of which will thus be 
pr; i.e. the strain at a will 
be pr, and at 6, pr. 




Fio. 18. 
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It is evident by the principles of hydrostatics that 
the strains at a and b will not be disturbed by altering 
the square into an octagon, as shown by dotted lines on 
the figure, and by again increasing the number of sides 
until eventually it becomes a circle. 

Thick Tubes. 

25. To find the effective resistance of the metal in the 
ca^e of a cylinder in which the thickness is considerable 
when compared with the diameter^ as in the case of an 
hydraulic press pipe. 

Let DjL and D be the external and internal diameters 
before strain, and (2?t + dj), (Z> + d) after strain. 

There will always be the same quantity of metal in 
the ring whether it is strained or not, so that after 
reducing we have the equation 

D,^ - 1)2 = (D^ + c?,)2 - (2) + d)\ 
2D, + d, _ d 
2D +d'' d,' 

Now since d^ and d are always very small compared 
with D^ and D, we can put 

D,^± 
D d,' 

Let s^ be the strain at the exterior, and s at the interior. 
Then d^ will vary as Sy D^, and d as sD, hence 

Dy sD 

D '^s.Dy' 

1 



or 



s _D,^_Dl 
s~D^~ 1 



Le, the strain varies inversely as the square ot the 
diameter. 

Thus, if the internal diameter is 10 and the external 
20, Le. if jD = 10 and A = 20, we have 
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1 

i.e. the strain on the inside is four times the strain on 
the outside. 

To find the mean strain in terms of the maximum 
we must assume the thickness to be divided up into a 
number of small parts, say n in number. 



Then the strain per unit 



1 



where the diameter is D is s or, ^s 

1 



n,i (D + l)» 

» » D + 1 )) i— 5 — -s 

1 



» >, D + noriy.) l£i^% 

Hence the mean strain is 



M + 1 



(1 1 . . 1 



• • • 



Putting D = 10, i) + 1 = 12, . . . and D + w = D' = 20, 
we get as the mean strain : — 

10^ 122 • • • ^2(Fj' 

1 + -7 + -5 + -4 + -3 + -26 
or 8 



I 



8 

or 2- 
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If therefore the maximum resistance of the metal is 
taken as 7 tons per square inch, the mean resistance 
will be only 3 J. 

EivETED Joints. 

26. In calculating the strength of riveted joints 
there are four points to be considered : — 

1. The sectional area of the plate after the rivet 
holes have been deducted must be sufficient to resist the 
tensile or compressive strain, 

2. Tlie number of rivets must be sufficient to resist 
the shearing strain on them. 

3. There must be metal enough between the rivet holes 
to resist the shearing force^ i.e., if t. is the thickness of 
the plate and a the distance between the holes, 2n,ta,s. must 
be greater than the strain. 

4. The metal must be thick enough to prevent the 
rivets tearing through it, i.e.yifd. is the diameter of the 
rivets, n.d,ts. must be greater than the strain ; but in 
this case, owing to the support given on each side, s may 
be taken at 10 tons or even more. 

With respect to the first point, we have not only to 
consider the reduced sectional area, but also in the case 
of punched holes the effect of the punching on the 
material left ; for the punch in passing through the 
plate injures the metal to some distance round the hole, 
this being especially the case with steel. By anneal- 
ing the strength of the injured parts may be restored. 
Drilled holes in no way injure the metal, so that with 
steel it is often false economy to use the punch. 

The mean of 9 experiments on f in., i in., and | in. 
plates of Yorkshire iron, 8 in. wide with 4 holes each 
•85 in. diameter, gave a loss of strength of 13 per cent.* 

Now the material left was 8 — 4 x '85 in. = 4*60 in., 

* Box, 14. 
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and 13 per cent, of tliis is '60 in., which divided by 4 
gives '15 in. per hole ; so that instead of allowing for 
four holes of '86 in. in diameter, we must take four of 
•86 + '16 in. i.e, of 1 in. diameter. 

It follows from this that the injured metal extends 
to a distance of about ^ in. beyond the hole, so that 
a f in. hole should be punched and drilled out to 
i in. for a rivet of this size, to avoid injuring the metal. 

With steel the injury caused by punching is so con- 
siderable that drilled holes should always be employed, 
or the plates should be annealed after punching, for 
this enfirely restores the strength of the injured parts. 

Theoretically no deduction need be made for the holes 
when the strain is compressive, but it is difficult to 
believe that a ri^^t will so thoroughly fill the vacant 
space as to take up the strain equally with the plate ; 
it is therefore better to deduct, especially as the 
resistance of wrought iron to compression is less than to 
tension and, as will be seen hereafter, the elasticity the 
same, so that the putting less metal in the compressive 
members of any structure would set up complex strains. 

For the rivets we have the formulae : — 

B=«^D% when they are in single shear, 
and !B = 2n7r(Hl « » » double v 



where n is the number, d the diameter, and s the safe 
resistance of the metal, or 5 tons per square inch. 

The resistance of iron to shearing is the same as to 
tension, or about 22 tons per square inch. Probably 
owing to the injury they receive in the process of 
riveting steel rivets are no stronger than iron, in spite 
of its being generally admitted that the shearing and 
tensile resistance are the same. 

In addition to the resistance they offer to shearing, 
the rivets hold the plates together by their grip. Three 
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experiments were made with a | in. rivet, and the re- 
sistance due to the friction caused by the grip was : — 

When the length of the rivet was li ins. . . 4| tons,* 

» ?> » 2| „ . . 8 >j 

In calculating the strength of a joint this is not 
usually taken into account ; but it may be considered 
as so much safety to cover the loss of strength caused 
by the various rivets not all taking up the strain 
equally, on account of imperfect workmanship. 

Torsional Strain. 

27. The resistance of any material to torsion is de- 
pendent on its resistance 
to shearing. Thus if a 
force W (Fig. 19), be 

applied with a leverage ^ ^ 

/ to a shaft of radius r, 

we have where s is the 

resistance of the metal P*°- ^^' 

to shearing ; — 

m={2irr.r-^2ir (r~l)(r-l) + . . . + 27rl.l}«, 
= 2 7r«{r8 + (r-l)» + ... + P}, 

= 2.. ^(^^y^H 

b 

= 2 7r« ^, since 1 is small compared with r. 
3 

With cast iron we may put 8 = 9 tons per square 
inch, and we get : — 

Wl = 18-85r3 = 2-36d3 = (V33d).^ 

For wrought iron s may be put at 18 tons, and foi: 

* Box. 17. 
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steel at 27 ; so that the resistances of east iron, wrought 
iron, and steel are as 1 : 2 : 3, and 
this is borne out by experiment. 

28. In order that the material 
may not be strained beyond the 
limit of elasticity, it is necessary 
to proceed in another way. Thus, 
taking the case of wrought iron, 
it is evident that if the shaft is 
strained to the extent of say 10 
tons per square inch at the cir- ^^^- ^^* 

cumference, it will only be strained to the extent of 
6 tons per square inch midway between the circum- 
ference and the centre, for the fibres will be lengthened 
only to half the amount of those at the circumference, 
which shows that only half the strain is acting. 

To find the resistance we have therefore 




Wl 



= 2 irr. lOr +27r (r-1) (— ) 10 (r-l) + . . 



+ 2 7rl.-.10.1, 
r 



2^- 10^ jr3 + (r-l)3 + ... +13} 



Or = ITS 
Whence 8= 2 —J. 



r 

r 2« 

= TT . 10 . ^ forr is large in comparison with 1. 
- lB-7r3 = 2d«, nearly, 

y3 
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The torsional elasticity can be most conveniently 
measured by the distance moved through by the weight 
W at the point a (Fig. 19). 

If c is put for the fraction denoting the twist at b for 
a unit of the length of the shaft for a strain of a ton 
per square inch, the total twist at 6, a being the length 
of the shaft, will be : — 

. 2 Wl 

ir'T 

. , I 2m 2 Wl^ 

and at a. r'^.c. „ -. — ci.c, 

r Trr* " irir 

The following is the value of c for certain materials 
as obtained by Mr. Bevan — 

Wrought Iron and Steel . . -0002 

Cast Iron '0004 

Boxwood and Teak .... '0133 

Ash, Beech, Birch, Larch, Oak, and Pear -0224 to '017B 

Deal, Elm, Fir, and Pine . . -0330 to -0243 



Examples. 

1. A load of a ton per lineal foot rests on a brick wall 
18 ins. wide at 6 ins. from one edge ; find the pressure per 
square inch at each edge and at the centre. 

Answer 0, 10-4 and 208. 

2. If the load is at the centre, give the pressures. 

Answer^ 10*4, 10*4 and 10-4 lbs. 

3. If the pressure at one edge of a wall is zero, and the 
wall is 2 ft. 3 ins. thick, find the weight per lineal foot that 
can be safely placed on it, and the point of application. 

Answer^ 8*1 tons at 9 ins. from the other edge. 

4. The water is level with the top of a masonry wall 
which is 6 ft. thick ; find the maximum height of the wall 
consistent with safety, and the corresponding maximum pres- 
sure on the masonry. 

Answer^ 9 ft. in. ; 11\ lbs. per square inch. 



STRUCTURAL MECHANICS. 33 

5. A wrought iron tank is 40 ft. diameter, and 20 ft. deep ; 
find the strain on the metal at the bottom per inch in height, 
when it is full of oil. Answer^ ^ ton. 

0. In the last question give the number of ^ in. rivets 
required per lineal foot, and the necessary thickness of the 
iron, the rivet holes being punched and the resistance of the 
metal to tension and shearing being taken as 5 tons per square 
inch. Aiiswer^ 7 rivets \ thickness, '30 in. or i\ in. 

7. In the last question, give the number of rivets and 
thickness of plate at 10 ft. deep. 

Ansiver^ 4 rivets; thickness, •!! in. or /y in. 

8. In question 5, give the strain if the tank is full of salt 
water. Answer^ '95 ton. 

9. A cast iron pipe 4 ins. diameter has to be tested with 
a head of 300 ft. of water, the resistance of the metal being, 
taken at 3^ tons per square inch, find the thickness. 

Answer^ '033 in. 

10. Find the pressure in lbs. per square inch which will 
burst a 3 in. cast iron pipe, if the thickness of the metal is 
\ in. Answer^ 2613 lbs. 

11. The plating of a locomotive boiler 4 ft. diameter is 
\ in. thick; find the pressure of steam that it will sustain 
when 8 is put equal to 6 tons, and the rivets are ^ in. 
diameter, and 1 J- ins. pitch. 

Answer^ 116 lbs. per square inch. 

12. An hydraulic press cylinder is 10 ins. internal, and 20 
ins. external, diameter. If the metal on the inside is strained 
to the extent of 6 tons per square inch, to what extent will 
that on the outside be strained and what pressure will the 
pipe sustain ? 

Amiccr^ 1^ tons, and 3 tons per square inch. 

13. Two plates of wrought iron, 18 ins. wide and ^ in. 
thick, are connected by two cover plates and f in. rivets 4J ins. 
pitch ; give the required thickness of the cover plates, and 
the number of rivets necessary. 

AnsiceVy ^ in. ; 9. 

14. How many rivets would be required if the plates were 
lap jointed ? Ansiverj 17. 

15. What tensile strain may be safely put on these plates ? 

Ansicer^ 36^ tons. 
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16. Two girders, 3 ft. deep, carry a single line of railway 
over a span of 30 ft. ; how many -J- in. rivets must be placed 
at a joint 6 ft. from the abutment, if the web plates are f in. 
thick? 

Aiisicer^ 3. 

17. How many should there be at the abutment ? 

Ansicer^ 5. 

18. A footbridge is 60 ft. span and 6 ft. wide; if the 
girders are of the lattice type, 5 ft. deep and formed in 10 
bays by verticals for the struts and single diagonals for the 
ties, how many |^ in. rivets would be required for the 
diagonal next the abutment ? 

AnsiceVj 4, if in single shear. 

19. Two plates, each 20 ins. wide and i in. thick, are 
joined by two f in. cover plates by means of 4 rows of B 
^^ in. rivets ; find the breaking weight, the tensile resistance 
of the metal being 20*6 tons per square inch. 

Answer^ 153 tons to shear the rivets, 
165 J) » break the plate, 
Exp. (Box, p. 17) No. 1, 164 » torethrough the rivet holes, 
11 11 11 11 2, 153 11 sheared the 10 rivets on 

one side. 

20. A force P is applied at the end of a rigid rod, and 
is resisted by three parallel and equally spaced forces pij jp^, 
Psi Pi beiiig directly opposed to P; find their values in terms 

Answer, pi = -JP, p^ = |P, Pa = - iP. 

21. Draw the lines of resistance in 
the reservoir wall shown in Fig. 21 
when full and when empty, and say 
whether any part of the masonry is -^ 
exposed io a tensile strain, what this is, 
and what is the greatest compressive 
strain per square inch on the masonry. 

22. A tank to hold salt water is 20 ft. 
diameter, and 10 ft. deep; find the 
strain per inch in height on the metal / * * "^'^ "=3^/^^. 
at 6 ft. below the top of the tank, if the 
water is 8 ft. deep. 

Ansioer^ 160 lbs. 



Fig. 21. 
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23. In the last question what will the total pressure on 
the bottom of the tank be ? 

Answer^ 71*8 tons. 

24. If the tank in question 22 is of iron, give the pitch of 
the rivets if they are -J in. diameter, and also the thickness 
of the metal at the bottom. 

Ansicer^ 6} in. and '06 in. 

25. Find the weight which must be applied at a leverage 
of 170 ins. to break the following cast iron shafts : — 

Diameter — 2 ins. 2^ ins. 3 J- ins. 4 ins. 
Ansxver^ •!! tons '22 tons '48 tons '88 tons. 
Exp, (Box, p. 298) -11 n -18 )> -52 » -86 »> 

26. Prove that in the case of a wrought iron tube, when 
no part of the metal is strained to a greater extent than 10 
tons per square inch, 



Wl 



= 5^{r^-V|. 



27. Find W for a tube of 2 ins. external diameter and 
i in. thick, the leverage being 2 ft. and the maximum strain 
on the metal 10 tons per square inch. 

Ansioer^ 6*4 cwt. 

28. The horizontal member of a channel iron has a strain 
of 1|- tons transmitted to it at one edge : find the maximum 
unit strain on the metal if it is 3 ins. wide and \ in. thick. 

Ansicci\ 5 tons per square inch. 



CHAPTER IV. 



TRANSVEKSE STRENGTH. 

29. To find the deflection of a beam carrying a weight 
at the centre. 

Let the beam B B 
(Fig. 22) carry a weight 
W at its centre, and 
be deflected to the ex- 
tent of D by it, and 
let I be its span. 

The beam will be 
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Fig. 22. 



W 



and in 



supported at B and B' by the reactions -^, 

calculating the distance D, which is what is to be 
found, we may consider half the beam 5 jB' as a 

W 
cantilever acted on by an upward pressure of -n- at 

a distance of ^ ; for a 

it amounts to the 
same thing whether 
we consider the 
beam supported at 
B and B' and de- 
flected downwards 
at the centre, or sup- 
ported at the centre 
and deflected up- 
wards at the ends, 
as in Fig. 23.* 




Fig. 23. 



* It will be noted that the figure is very much exaggerated 
as regards D. 
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Instead of taking an indefinite number n we will, 
for simplicity, assume this cantilever to be divided by 
vertical lines into four parts, each equal to* a, before it 

is strained ; we shall then have 4a = ^, and we will call 

*ij *2) ^3) ^4? ^t® strains at the extreme fibres in each of 
these, either at the top or the bottom, caused by the 

.. W 
reaction -^^^ 

Then we have, by taking moments around the centre 
JS4, and calling the moment of resistance of the beam, 
M:— 

W 
and so also s^M = — . 3 a 

2 2 

Now, so long as the beam, if of wrought iron, is 
not strained to a greater extent than 8 or 10 tons per 
square inch, the top or bottom of each length a will 
be shortened or lengthened by an amount varying in 
direct proportion to the strain ; so that if the bottom 
in the portion which sustains a strain of s^ is lengthened 
by ha^ it will, in that portion which sustains a strain 
of «4, be lengthened by 4 ha. 

We will consider the portion C^ B^ Cj^ i?4, 
in which the strain is ^4, and the bottom 
JS3 B^ consequently lengthened from a to 
a + 4 Sa, and the top shortened from a to 
a — 4 ha. 

The strain, if we consider JS4 C4 fixed, 
will cause C^ B^ C^ B^ to revolve about yiq, 24. 
the point O4 (Fig. 24) until C. C\ becomes 
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a-4:Ba and -B3-B4, a + 4 Sa, and then SgJS^ will make 
an angle B^ B^ X, with i^^Z, which angle we will call ^4. 
From O3 let fall the perpendicular O^K on B4 X cutting 
B^ B^ in H (Fig. 23). Then, since the angle B^HO^ = 
KHB^ and the angles HB^O^, HKB^ are right angles 

the angle BfiJI=^ BJB^X = 0^, 

and calling the depth A, 



tan 0^ = tan ^5303^= ^ = 2 i|^, 



also 



tan ^4= /, 
* 4a 



'3-"3 



SO 



d, = 2.32. 



da = 2.22. 
di = 2.P. 



aSa 

F 
aSa 

h 
aZa 



(2) 



Hence = ^1 + ^2 + ^3 + d^. 



hi 



= 2 f^(P + 2" + 32 + 42). 

If we had divided the beam into n parts, we should 
have had in the same way 



D = 2. ^l^- 
n 



P + 22 + 



+ n' 



Q aSa w(w + l)(2n + l) 
= 2._^. 6 



(3) 



Sa 



Now the maximum extension s^E=n—f E represent- 
ing the extension or compression of a bar caused by a 
strain of a ton per square inch, if «„ is in tons, in 
terms of its length. 
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Hence D=2?J^.E.(^±^g?^±ll 



2^-^s^E, where « is large for then practi- 
o" caUy«+l = n, 



78 7 

= 7jT««iS7, putting g for a» . . . 
TTP x. • xr W Wl 



(4) 
(B) 



I, J ^.-.y 



30. To find the deflection when the beam is rectangular. 

This is the simplest case that can occur, but in all 
cases the principle is the same. 

Let ABGD (Fig. 2B) be the cross section of the beam 
in Fig. 22, and let its breadth be h 
and depth A. 

If the beam is of wrought iron, 
and the fibres are not strained to 
a greater extent than 8 or 10 tons 
per square inch, the strain will be 
a compressive strain, decreasing 
regularly from a maximum at AB 
to zero at Xr, and a tensile strain 
increasing from zero at XY to 
a maximum at CD. 

If therefore the strain at AB is ««, it will be zero at 




-If ¥• ^-^^ 



Fia. 25. 



'nj 



8. 



XY and ^ midway between, and the total strain may 

therefore be taken as 8^ x (area of the triangle ABO) 
acting at its centre of gravity, for it is evident that 
this coincides with the centre of resistance. 

Hence the moment of resistance s^M of the beam 
will be 

4*3 ' 6~' 



Thus (B) becomes D =S^ 



(6) 
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31. We have taken the case of a wrought iron beam 
because up to the limit of 8 or 10 tons per square inch 
the increase in the length of a bar under a tensile 
strain is very regular, amounting to '0001 of its length 
for each ton per square inch, and the same holds good 
with the compressive strains. 

Thus if 8^ acting at AB is s^ tons per square inch, 
the top will be compressed 'OOOS of its length, and 
midway to XY '(XXM of its length, while at CD it will 
be extended •0008. 

With cast iron, however, the compression and ex- 
tension are not quite the same, nor is the latter regular 
for each ton strain. Hence not only is XY not quite 
in the centre of the beam, but the lines from to AjB, 
C, and D are, for strains under about 7 tons per square 
inch, slightly curved. 

32. To find the deflection of a wrought iron bar 2 ins, 
square^ carrying a ton at the centre of a 33 in, span. 

We have 7 = 33 ins., 1^=1 ton, £='0001, 6 = 2 ins., 
and A = 2 ins., 

D = ^^^'^ X -0001 

= -066. 
For a bar 3 ins. deep and 1^ ins. wide, 







D 


2" 2^., 
= 022. 


056, 




For 


a bar 2| 


ins, 
D 


. deep and 
2» 2 

= •038. 


IJ ins. 
x^056, 


wide, 



These three results agree exactly with the experi- 
ments given on page 104 of Baker's " Beams, Columns, 
and Arches." 
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33. To find the deflection of a beam of fir 2 ins, deep, 
1 J ins. wide and 3 ft, span, with a weight of 120 lbs, at 
its centre on the assumption that E is •0016. 

2240 
"We have D = ^.j, 03 x -0016, 

= -0833. 
The experiment (Barlow, p. 47) gave '09. 

34. To find the deflection of a deal beam 60 ins, span, 
2^ ins. wide, and 3J ins, deep, with 6 cwt, at its centre, 
the value ofE being taken as 'OOS. 

We have D = ^^^q^s x 303, 

= •6. 
The author's experiment gave \ in. 

35. To find the breaking weight of a rectangular 
beam. 

We will again take the case of a wrought iron beam, 
and assume the resistance to tension and compression 
to be 22 tons per square inch. If the beam is just on 
the point of breaking the extreme fibres will be 
strained to the extent of 22 tons, which will cause 
them to be lengthened or depressed '034 of their 
length. (Baker, p. 102.) 

Thus those half way to the neutral axis will be 
lengthened '017, which would be produced by a strain 
of 18 tons and which shows that this strain is there 
acting. 

So also those fibres three parts of the way to the 
neutral axis will be lengthened 'OOSB, which indicates 
a strain of 16 tons. 
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By plotting these strains on the cross section of the 
beam (Fig. 26) it will be seen that instead of 

223 6 
we have very nearly 

;!f _ ^^ ^ _ ^^^ 
T2 "^* 

■2*2" " ~r 



Hence 




Fig. 26. 



or 



J)h^ 



W=8\~- where TFis in tons and I in ins., 



I 

8_W 

12 I 



where TT is in tons and I in ft. 



The resistance of wrought iron to compression is 
rather less than to tension, so the value of «' should 
be put somewhat under 22 tons, and, as the fibres near 
the neutral axis do not give out the full resistance, 
18 may be taken as a fair average value for it. 

Thus we have, where W is in tons and I in feet, 

3 6A« 



W = 



2 I 



36. In calculating the load that can be put on to the 
beam without straining it beyond the limit of elasti- 
city, we must take the formula 

as obtained from Fig. 25, 



M- 



6 



and not = -r- 

4 



n 



u Fig. 26. 



37. To find the load that the beam will carry without 
being strained beyond the limit of elasticity at any point. 
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We have ^[.^sMj 
iir ^M 



or 



= 10. 









in the case of a rectangular 

beam, in which s is taken 
as 10 tons, 
where W is in tons, and 
b, d, and I are in inches. 

38. For timber we have no direct experiments to 
give the value of E. This has, however, been ob- 
tained from experiments on the deflection of beams 
on the assumption that it is the same for compressive 
and tensile strains as given in Barlow's " Strength of 
Materials," page 82. As the pieces tested were 7 ft. long 
and 2 ins. square, the formula 

WP 84' 

D = I jp E becomes D = 1^25 ^^•■^» 

D I) 



i.e. E= 
Thus E= 



= .=^_ X 



2PW W 
115 



= ^-TT X 



300 
1-60 

160 
1-28 

200 
140 

226 
1-60 

200 
1-40 

160 
1-25 

226 



24 = 
24 = 
24 = 
24 = 
24 = 
24 = 
24 = 



24, where W is in lbs. 

0009 for Teak, 

0025 » Oak, English, 



0016 
0011 
0019 
0022 
0013 



7> 



1} 



>J 



1J 



JJ 



Canadian, 

Dantzic, 

Adriatic, 



Ash, 
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Thus E=^ X -24 = -0016 for Beech, 

-i^ X -24 = -0030 j» Elm, 
12o 

^\^ X -24 = -0018 11 Pine, Pitch, 
160 

= ^ X -24 = -0012 » » Eed, 

= ^ X •24=0015 11 Fir, New England, 
150 

=^ X -24 = -0017 11 11 Riga, 
126 

1-40 
= i^ X -24 = -0027 11 11 Mar Forest, 
125 

= 4^ X -24 = -0036 1^ Larch. 
12o 

39. The deflection is constant up to nearly half the 
breaking weight, and then becomes irregfular. We may 
therefore put -Jrd the breaking weight on timber with 
safety, but except in the most temporary structures it 
is better not to put more than -J-th or Jth on it. 

40. As we have no experiments giving the value of 
E for each ton load per square inch in tension and com- 
pression, it is difficult to establish a theory for the break- 
ing weight as has been done in the case of wrought 
iron. The experiments just alluded to, however, gave 
the breaking weights for the different pieces, and 
the position of the neutral axis was found by careful 
observation. In some it was 1*3 ins. from the top of 
the beam, and in others 1*2 ins., which is where we 
should have expected it to be, as the tensile strength 
of most of the woods is about double the compressive 
strength, so that the beam on the point of breaking 
exposes Jrds of its section to resist the crushing and 
|rd to resist the tensile strains. When first strained 
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the neutral axis would be at the centre of the beam, on 
the assumption that E is the same for tension and 
compression, but before the breaking point was reached 
it would move lower down as shown 
in Fig. 27. 

If the fibres are extended as in 
the case of wrought iron, at the 
breaking point, we should have 



itf^rriXAi 




AJt/<« 



2 2 = «' il/ = 8h . '4Ji 2 nearly, 

= sbh^ . -2, Fia. 27. 

where s' is the resistance to the tensile strain. 

Or if the elasticity is perfect right up to the break- 
ing point, 

8M= s.i (6 X -4^) Ih, 

The true value is probably something between these, 
or say : — 

or W = 1 8y 

which in the case of the 2 ins. x 2 ins. pieces becomes 

2-^ 8 
W= '7^ = |v where TFand s are in tons. 



so, 8 = 



84 

150 
W . 



15 



» IF is in lbs. and 8 in tons. 



or = yqt in the case of Ash, rRed Pine, and Fir ; 

for with these woods the neutral axis was 1*3 from the 
top instead of 1*2 

andso.=^.jgg. 
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The following table gives the value of W for the 
different materials tested and the consequent mean or 
approximate value of s : — 





W in 


Ihs. 


8 in tons. 


Teak. . . . 


. 820 to 1020 


. 6 


Oak, English . 


. 421 » 




. 3 


)) Canadian 


. 650)) 


708 


. H 


)) Dantzic . 


. 620), 


680 


. 3.i 


Beech . . . 


. 566 ), 


616 


. 4 


Elm .... 


. 368 )) 


398 


. 2i 


Pitch Pine . . 


. 695 )) 


660 


. 4 


Larch . . . 


. 300), 


340 


. 2 


Ash .... 


. 760), 


780 


. 6 


Red Pine . . 


. 470 „ 


530 


. 4 


Fir, New England 403 » 


446 


. 3 


» Riga . . 


. 406), 


440 


. 3 


» Mar Forest 


. 360), 


465 


. 3 






Direct Experiment gave 6 J tons for Teak, 4 to 5 tons 
for English Oak, and 6 tons for Beech. 

In calculating the strength of the foregoing we may- 
take as the value of «, for the breaking weights and 
safe loads, 

Tons. Ton. 

For Teak and Ash 6 and 1 respectively. 

V Oak and Pitch Pine . . . 4 >> ^ 
» Elm, Larch, and Fir . . . 2i ?> i 

in the formula 

Wl .r h¥ TT7 2&A2 

__.iH=.._orTr=3.-^., 

where W and s are in tons, and &, h and I in inches. 

It will be noticed that if |th the breaking weight is 
put on a beam, the extreme fibres will be strained to a 
greater extent than -^th the breaking tensile or com- 
pressive weight, for the moment of resistance will be as 
m Fig. 26 in the one case, and as in Fig. 2B in the 
other. 
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41. With cast iron, owing to the unequal extension 
under a tensile strain, the deflection is irregular. The 
extension varies from 'OOOIG of the length per ton per 
square inch under a strain of one ton, to •00024 per ton 
per square inch under a strain of 7 tons. The com- 
pression within these limits is about "00018, and is 
nearly constant. 

Thus for a beam in which the extreme fibres are not 
strained to a greater extent than B tons per square inch, 
the deflection should practically follow the same rule 
as in the case of wrought iron, the neutral axis being 
about the centre of the beam. 

42. To find the deflection of a cast iron bar 1 in. square 

with a load of 1 lb. at the centre of a 12 in, span. 

Wl^ 
We have D^^^^E, 

JN w since ~o § = ^^^ = *"1B"' 

3 Wl 3 ^Vtt>12 1 
^•^- * " 2 6A2 ~ 2 1.1=* ""125 ^^^' 

E may be put at say '00015, and we get 

i__ 1 93 

4 X 1 X 1"* ' 

= -000029, 

and this is the mean result of a large number of ex- 
periments. (Box, p. 186.) 

43. To find the deflection of a cast iron bar '65 ins. deep 
and 1*3 ins. wide with a load of 120 lbs. at the centre 
of a 35 in. span. 

Since . 3TrZ_3 AVox35 

2 'm 21-3 X (-65)^' 
= 5 tons. 
We may put E = -00018. 

Hence D = ^^^^^^.'miS, . 

4 X 1'3 X ('bo)* 

= •29. 
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Tested with a weight of 162 lbs. the deflection was 
•27. (Baker, 100.) 

44. For the breaking weight of cast iron : — 

Since the tensile resistance is |th the compressive, 
we might expect to find the neutral axis dividing the 
beam in the proportion of 6 to 1, as in the case of 
timber, in wluch the tensile . resistance is double the 
compressive, and the neutral axis has been proved by 
experiment to be at a depth of |rds of the beam. 

It seems that until the strain comes to nearly 7 tons 
per square inch, the neutral axis is nearly at the centre 
of the beam ; whence it follows that the extreme fibres 
are strained almost up to their break- 
ing weight long before the beam 
actually does break. 

We may suppose the beam to be 
strained as in Fig. 28, when the 
strain on the extreme fibres is a little 
under 7 tons. 

Any addition to the weight after 
this will cause the neutral axis to 
move upwards, until it reaches the position shown 
in Fig. 29. 

If at the breaking point the 
whole of the top part gave a re- 
sistance of 42 tons per square inch, 
and the whole of the bottom 7 tons, 
we should have 




Fig. 28. 



■2-2^ V2 ^^ 



b¥ 




Fig. 29. 



i,e. Tr= 12 -y-, where Z is in inches, 
I 



7? 



J? 



feet. 
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By actual experiu^nt; as we should expect, W is not 
quite -^ but the mean of a large number of experi- 

ments has given 

W= -9 ^Jf. 

and this may be taken as the correct formula for cal- 
culating solid beams of cast iron. 

It must be noted, however, that if we tak^ the safe 
load as |rd of the breaking weight, we shall put a 
strain on the extreme fibres exposed to tension of much 
more than J- or 2^ tons, for we have, as in Fig. 28, 





TP I ,bW 




2 '2 - * 6 ' 


or 


^"18/' 


and so, if 


W ^ we have '' ^^' ^ x -9*^' 
W y. we have ^g- ^ ^x J ^ 


whence we 


gets' 18 X -3 5*4 tons. 



46. To find the breaking weight of a bar of cast iron 
2 ins. sqiiare and 20 ins, span, the resistance of the metal 
to tension being 12 tons per square inch. 

The resistance of the metal to compression is not 
stated, so we will take it at 42 

tons per square inch at the point 

of fracture. 

The neutral axis will then divide 
the bar in the proportion of 42 : 12, 
i.e. of 7 : 2, and we have Fio. 30. 

-^,-=2 ins. X - 2 ins. x 12 tons x 1 in. x 9, 

from which we get W= 6*72 tons. 

Experiment gave from 6*8 to 6*7 tons (Barlow, p. 166). 

£ 
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46. To find the deflection of a wrought T. I. bar 3 ins. 
by 3 im. by J in. 26 ins. ^an, when the extreme fibres 
are utrainea to 10 tons^per square inch ; also the central 
load that it will carry when so strained. 

The strain ef 10 tons per square inch at the extreme 
fibres will be reduced to zero at the neutral asis. 

Hence the resistance of the top portion (Fig. 31) 
-will be eqnal to the 
area of the shaded 
part multiplied by 
10 tons. 

Now, since the 
extension and com- 
pression of wrought 
iron are the same 
per ton within the ' ^" 
elastic limits, the 
web will be length- 
ened at the depth 
of -93 below the 
neutral axis to the 
same extent as it is 

compressed at '93 "^ -» .-j-.i 

above it, and the F'". 31, 

extreme fibres in the flange, instead of being strained 
to the extent of 10 tons per square inch, as they would 
be in a beam of symmetrical cross section, are only 

strained to grny x 10, or to 4'6 tons. 

The position of the neutral axis is a little difficult 
to find. It must be in such a position that the area 
of the shaded part above it is equal to that below 
it ; that is to say, the resistance offered to compression 
above the axis must equal the resistance to tension 
below, as in all girders. The simplest way to find it 
is to assume some position and then draw tue lines as 
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in Fig. 31, and then if the top area is larger than the 
bottom, to try another position nearer the top, and so 
on again until the areas are equal or nearly so. 

It will of course be noted that the neutral axis passes 
through the centre of gravity of the beam, so that this 
is really what has to be found.* 

In Fig. 31, it has by the above process been found to 
be at a depth of 2*07 from the top, for we have : — 

ix 2-07 ins. xiin. =-617, 

audi X -43 X ^^ X -60 + -60 x ^ x 3 --616. 

2-07 207 

To find the effective depth of the beam it is necessary 
to find the centre of resistance, or, which is the same 
thing, the centre of gravity of each of the shaded parts. 

This for the top is frds of 207 =1-38 from the 
neutral axis, and for the bottom 



/ -43 

^ ^207 



x3x-50lx-68 



)x( 



Si X 3 X -so) X -763 



•515 

/I j50 

^ V2 207 

•ol5 

•0223 X ? X -43 + -3115 x -68 + -1812 x -763 _-„ - 

d 00D"0 

t.e ^g-g , or -gj^ 

i.e. -69. 



* In the simple case under consideration the distance of the 

centre of gravity from the top of the T. I. is — — ■ifv'ii — ' ^^ 

is only for the more complicated sections that the method given 
in the text of finding it is applicable. 
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To find the deflection we have 

PsJ! _ 25MO.-0001 
6h' 6 X 414 

= •025. 



D = 



And to find the weight that can be carried at the 
centre, we have 

^5 =i¥.10 = -BIB X (-69 + 1-38) X 10, 



= 10-66. 



Hence 



W= ^^ X 10-66, 
2B ' 



= 1*7 tons. 

Thus a weight of 1*7 tons will deflect the T. I. '025 ins., 
and induce a strain of 10 tons per square inch on the 
extreme fibres. 

47. The symbol M has been put for the moment of 
resistance of a beam, and has been obtained graphically 
in the case of a rectangular bar, such as ABCD 
(Fig. 32), by drawing lines from 
the points A^ -B, C, D to on the 
neutral axis. The area of one of the 
triangles AOB, COD multiplied by 
the distance apart of their centres of 
gravity, or, which amounts to the 
same thing, the area of the two 
triangles each multiplied by the 
distance of its centre of gravity from 
the neutral axis, gives the value of 
M as already explained. Thus we 
have from the figure 




Fig. 32. 



M=axe^o{AOBx^BD 



2' 2  3 "6 ' 



or M= area of AOB x | J5r+ area of COD x ^DY 

o o 



lbh(2h /ih 
2' 2 13'2 32 



} 



b¥ 
6 
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This does not mean that only the shaded portions of 
the beam are strained, but that the unit strain decreases 
from a maximum at AB to zero at the neutral axis 
XY. Thus if we take a fibre distant x from XY^ the 

unit strain on it will be ^«, s being the maximum unit 

strain. _ 

2 

We may express this algebraically thus : — 
Let the whole area of the cross section ABCD be 
divided into a number of small areas equal to 

19 2} 3? • * • (t|^ UlSLanu *^|) ^2) 3) • • • X% 

respectively from the neutral axis, and we shall have 

n h h 

2 2 2" 

= I a^x^ + a^i + . . . + a^x^^ > ^' 
^ '2 

i.e. Jt/ ^ = a^x^^ + a<^^ + . . . + a,ta?„^. 

The symbol Sax^ may be put for the sum 

Oj\ X* ■J' Clo •^2 "T" • • • 'T' Clf^Xf^ , 

Thus we have M ^ = 2ax^, 

I is generally put for ^cuji?. It is called the Moment 
of Inertia of the cross section, and is, as we have seen, 
the sum of the small areas, into which this is divided, 
each multiplied by the square of its distance from the 
neutral axis. 

Again, if ^ is the whole area, Ar^ may be put for /, 
r being called the ^^Eadius of GyraJtion.^^ 

Thus we have M^ = ^ax^ = /= Ar^. 

48. We will conclude this chapter with a summary 
of the results obtained. 
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(a) To find the deflection of a beam of uniform section, 
we have the formula 

WP 
= -Aj^^E for a rectangular beam. 

In this D is the deflection in inches at the centre, 

weight 11 tons n 

span 77 inches, 

moment of resistance of the cross 

section in inches,' 
breadth of the beam in inches, 
depth of the beam in inches or rather 
twice the distance of the fibres 
most strained from the neutral 
axis, 
E V the part of its length that a strain 

of a ton per square inch would 

lengthen each material. 

Except in the case of cast iron the value of E is 

constant up to nearly half the breaking weight, after 

which point it increases rapidly. It may be taken as 

follows : — 

Cast Iron -00018 Teak -001 

Wrought Iron -00010 Oak and Pitch Pine -002 
Steel -00008 Fir -003 

(6) To find the deflection when the moment of re- 
sistance is proportional to the strain, we have from 
example 53 seq. 

WP 

(c) The strain on the extreme fibres is given by the 
formula 

Wl . . 

^ — jjm where « is in tons per square inch. 
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For wrought iron and steel this is the formula from 
which the strength of a beam may be calculated, and 
in order that no portion of the material may be strained 
beyond the elastic limit, 8 should not exceed 10 tons 
for wrought iron, or about 20 tons for steel ; but if the 
ultimate resistance s' is exactly double s, the break- 
ing weight W will be more than double Wj as will be 
seen from (3B), where we have for the breaking weight 

M 

= -7- X -g^ for a rectangular beam, 

the value of s' being for wrought iron 22 tons, and for 
steel 36 tons. 

{d) With timber we have for the breaking weight 
W= -J- X '76' in some cases, and -j- x '6s in others, 

= -^-c, 
in which the approximate value of c is as follows : — 



Teak . . 4 Riga Fir 

Oak . . 2i Deal . 

„ African. 4^ Ash . 

Pitch Pine . 3 Elm . 



2 
2 

^ 
2 

3 



Yellow „ . 2^ Mahogany. 

The deflection is constant up to about half the break- 
ing weight, so that Jrd of this may be put on without 
injuring the timber. In permanent structures, however, 
ith or |th of the breaking weight should not be ex- 
ceeded, so that c should be put f for Teak, ^ for Oak, 
Pitch Pine and Ash, and | for Fir and Deal. . 

(e) Cast iron is a material which requires quite dis- 
tinct consideration, owing to the great difference between 
its resistance to tension and compression. If the tensile 
resistance of the metal is 7 tons per square inch, and 
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a beam is so loaded that the strain on the extreme 
fibres is a little less than 7 tons per square inch, the 
neutral axis wiU occupy nearly the same position as 
it would for a wrought iron beam ; but on a further load 
being added, it wul move until at the breaking point, 
in th6 case of a rectangular bar, it divides the parts 
exposed to tension and compression nearly in the pro- 
portion of 6 : 1. 

In the absence of experiments giving the resistance 
of the same metal to tension, compression and trans- 
verse strain, it is impossible to frame a correct theory ; 
but Examples 40 to 45, 60, 51, and 56 to 64, seq,, may 
be taken as a good guide for calculating the strengths of 
beams of various sections. 

Round bars are 10 per cent, weaker than square bars 
of the^ame sectional area, and square bars placed with 
one of their diagonals vertical 20 per cent, weaker. 

For rectangular bars we have the formula 

W= -;- X '9, where I is in feet, 

b¥ 
and so for round bars, W= -;- x -8, 

and for rectangular bars placed diagonally, 

W=-j x-7. 

In this instance h is the depth of the bar, and not 
twice the distance of the extreme fibres from the neutral 
axis as before. 

Examples. 

1. Find the deflection of a wrought iron bar 2 ins. square 
25 ins. span with a load of 3 tons at the centre. 

Answer^ '073 in. 
Exp. (Baker, 104), -079 „ 

2. What is the greatest load that this bar will carry, if the 
extreme fibres are not strained to a greater *extent than 10 
tons per square inch ? AnstceVj 2*13 tons. 
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3. Find the central breaking weight of this bar. 

Answer^ 5*76 tons. 
Exp. (Baker, 31), t5-25 „ 

4. How may the difference between the calculated and 
experimental result in (1) be explained? 

5. A bar of steel If ins. square sustains a load of 1,000 lbs. 
at the centre of a 25 in. span ; iind the deflection. 

Answer^ '0015. 
i;a?j[7. (Baker, 113), -0015. 

6. A plate of steel 18 ins. wide and \ in. thick sustains a 
weight of a ton at the centre of a 35 in. span ; find the deflec- 
tion. ATisicer^ '38 in. 

JEJajp. (Baker, 113), -37 „ 
'7. Find the breaking weight of a bar of steel 1 in. square 
and 12 ins. long from first principles. Answer^ 2*7 tons. 

8. Find the breaking weight of a steel bar If ins. square 
and 25 ins. long. Answer^ 6*9 tons. 

JEJa^jo. (Baker, 56), 7-3 „ 

9. How much will a weight of 180 lbs. deflect a fir beam 
2 ins. wide, IJ ins. deep and 6 ft. span, if JE=*0018 ? 

Answer^ 2*00 ins. 
Exp. (Barlow, 47), 1-85 to 2-00 „ 

10. What will the deflection be if the beam is 3 ins. deep 
and It in. wide ? Ansicer^ '333 in. 

Exp. (Barlow, 50), -375 and -287 „ 

11. In the last case give the strain on the extreme fibres. 

Ansioer^ '64 ton. 

12. Find the weight which, placed at the centre of a 5 ft. 
span, will break a piece of deal 2 5^ ins. wide and 3 J ins. deep, 
from section 40. Anstcer, '11 ton. 

Exp. (Author), '81 „ 

13. Find the central breaking weight of a piece of fir 7 ft. 
span and 2 ins. square, by section 40. Anatcer^ 357 lbs. 

Exp. (Barlow, 84), 406 to 440 „ 

14. Find the deflection of this piece under a central load 
of 125 lbs., if E= -0018. Ansicer, -93 in. 

Exp., -94 to -81 „ 

15. In the latter case to what extent will the extreme 
fibres be strained ? Anstcer, '88 ton. 

16. Find the deflection of a beam 1\ ins. wide, 3 ins. 
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deep and 8 ft. span, under a central load of 180 lbs., if 
-E=-0018., Answer, -79 in. 

17. What is the maximum induced strain per square inch ? 

Answer, 17*14 cwt. 

18. The span being 10 feet in (16), give the deflection. 

Ansxcer, 1*54 ins. 

19. Give the maximum induced strain in this case. 

Answer, 1*07 tons. 

20. Find the strain on the extreme fibres of a beam 1^ ins. 
deep and 3 ins. wide, when loaded with 80 lbs. at the centre 
of an 8 ft. span. Ansicer, '76 ton. 

21. Calculate the strength of a beam of oak, from first prin- 
ciples, on the assumption that the neutral axis is at the centre 
of the beam, the resistance to tension and compression 4^ 
tons per square inch, and the elasticity perfect to the break- 

22. Find the breaking weight of a beam of oak 4j ins. 
square at the centre of a 7 ft. 6 in. span from this. 

Answer, 2*66 tons. 
Exp, (Barlow, 55), 2-50 „ 

23. What is the breaking weight if the beam is 5^ ins. 
square and the span 15 ft. ? Anstcer, 2*5 tons, 

Exp, (Barlow, 55), 2*5 „ 

24. What would the ultimate deflection in (22) be, if the 
law of elasticity held good up to the breaking point ? 

Answer, 2*8 ins., if JE?=-002. 
.Eajp. (Barlow, 55), 3-47 „ 

25. Find the breaking weight of a piece of oak 7^ ins. 
square and 15 ft. long, by (21). Anstcer, 7 tons. 

Exp, (Barlow, 56), 6*5 „ 

26. Find the breaking weight of a piece of pitch pine 
2 ins. square and 10 ft. long, by section 40. 

Answer, 3*55 cwt. 

27. Find the deflection of a piece of pine 14 ins. wide and 
7 ins. deep, with a load of 8^ tons at the centre of a 5 ft. 
bearing, putting jE='003. Answer, '287 in. 

Exp. (Baker, 130), | :g| ;;. 

28. In the last example find the value of s, 

Ansioer, 1*12 tons. 
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29. Find the strain on the extreme fibres and the deflec- 
tion of a cast iron bar 1'3 ins. wide and '65 in. deep, with a 
load of 162 lbs. at the centre of a 35 in. span. 

Anmcer^ s = 6*9 tons, 
D= -39 in. 
Exp. (Baker, 100), -27 „ 

30. Find the strain on the extreme fibres and the deflec- 
tion of a wrought iron bar 1^ ins. wide and 3 ins. deep, with 
a ton at the centre of a 33 in. span. Ansicer^ « = 3*66 tons, 

D= -022 in. 

Exp. (Baker, 104), { ^ >| 

31. The moment of resistance of a 60 lb. double-headed 
rail, 4| ins. deep, is 6*7 ; find the deflection under a load of 
a ton at the centre of a 33 in. bearing. Answer^ '005 in. 

Mean o/33 Exps. (Baker, 105), '005 „ 

32. Find s and Z) for a | in. steel plate 24 ins. wide, with 
a ton at the centre of a 75 in. span. Answer^ 8= 18*75. 

D= 2-8 ins. 
^5Pp. (Baker, 113), 3-0 „ 

33. Find the deflection of the 84 lb. rail shown in Fig. 33, 
when loaded with 2,000 lbs. at the centre of a 60 in. span ; 
find also the strain on- the extreme fibres, the depth being 

Ansicei^ s = 1*5 tons, 
D= -014 in. 



4^ ins. 



34. What weight 
will the rail in the 
last question carry 
when the greatest 
strain on the metal 
is 10 tons per square 
inch? 

AnatceVy 5*81 tons. 

35. What will the 
distributed weight 
be in the last ques- 
tion when the span 
is 6 ft? 

Answer J 9*68 tons. I*- 



Exp. (Baker, 114), { i^J n 




i 



«4* 



Fig. 33. 
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36. What is the breaking weight of a bar of cast iron 1 in. 
square and 54 ins. span ? Ansiver, 448 lbs. 

(357 
Exp. (Baker, 21), < to 

(581 

37. rind the central breaking weight of a rolled joist 
2*56 ins. wide, 3*7 ins. deep, with both web and flanges ^ in. 
thick, the span being 48 ins* Aiisicer, G'OO tons. 

Exp. (Baker, 35), 6*25 „ 
. 38. What load can be put on the T. I. in section 46, so that 
the extreme fibres shall not be strained to a greater extent 
than 5 tons per square inch, the span being 60 ins. ? 

Answer^ 7*1 cwt. 

39. How much will a weight of a pound deflect a bar of 
wrought iron 1 in. square and 12 in. span ? 

A7i8wer, -0000193. 
Exp. -0000192. 

40. Find the central breaking weight of a piece of cast 
T. I. 4 ins. wide, 1*35 ins. deep and j in. thick, placed with 
the web uppermost, the span being 4 ft. 3 ins. and the tensile 
resistance of the metal 6J tons per square inch. 

Anstver, 1,028 lbs. 
Exp. (Box, 197), 1,008 „ 

41. In the Ip-st question, what would the weight be if the 
position of the T. I. was reversed ? A^istcer, 253 lbs. 

-. Exp. (Box, 197), 270 

42. In example 40,. if the beam 
is 5 ins. wide, 1*56 ins. deep, the 
flange '3 in. and the web '365 in. 
thick, and the span 6 ft. 6 ins., 
what will the breaking weight be ? 

Ansicei'y 1198 lbs. 
Exp. (Box, 197), 1120 „ 

43. In the last question what 
would the weight be if the position 
of the T. L was reversed? 

Anstverj 316 lbs. 
Exp. (Box, 197), 364 „ 

44. Find the deflection of the 
girder in Fig. 34, the span being 



11 



k-jMi 






k 



T ! 
i i 

i I 

i i 

I 

i ! 
i ! 



p. 



^ 



Fig. 34, 



STBUCTUBAL MECHANICS, 



m 



16 ft. and the central load 7 tons. Ansiver, 0'25. 

Exp, (Box, 202), mean of 11 tests, 0*24, 
{Reduced froin a 14 ton load), „ „ 12 „ 0*26. 

45. Find the breaking weight of this girder. 

AnsiceVy 38-7 tons. 
Mean of 13 Exps, (Box, 202), 383 „ 

46. The strain on a piece of T. I. IJ- ins. x 1^ ins. x \ in. is 
nowhere greater than 10 tons per square inch ; find the de- 
flection and load carried if the material is wrought iron and 
the span 5 ft. Answer, Load, 12 cwt. 

Deflection, '353 in. 
Exp. (Author), '342 „ 

47. rind the breaking weight of the T. I. in the last 
example. Ansicer, 4*3 cwt. 

Exp, (Author), 4*5 „ 

48. Find the deflection of a 2 ins. x 2 
ins. T. I. with 5*8 cwt. at the centre of 
a 5 ft. span, the vertical web being -g in. 
thick, and the horizontal flange \ in. thick. 

Ansiver, '29 in. 
Exp, (Box, 215), -26 „ 

49. Find the breaking weight of this 
T. I. Ansicer, 17*6 cwt. 

-E^i?. (Box, 214), 17-5 „ 

50. Four beams, as shown in Fig. 35, 
were tested by Mr. Clark with a weight 
at the centre of a 6 ft. span and the 
breaking weight varied from 2*45 to 2*2 
tons, the mean being 2*3. Taking the tensile strength of 
the metal as 7 tons per square inch, 
draw approximately on the section the 
relative strains given out by the 
different fibres. (Box, 198). 

51. Do the same thing in the case 
of Fig. 36, where three experiments 
gave 2*00, 2*05 and 2*40 or a mean 
breaking weight of 2*15 tons. 

(Box, 198). 

52. In example 12 the deflection under Fig. 36. 
a load of 1,100 lbs. was ||- ; find the value of E, 

Answer, '0025. 




Fig. 35. 
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53. Find the deflection of a beam in which the moment 
of z^esistance is proportional to the strain. 

Answer. 2)= . ^ ,^, -E. 

54. Find the deflection of an oak beam 2 ins. square with 
196 pounds at the centre of an 8 ft. span, if '002 is put 
for E. Answer^ 2-4 ins. 

Mean of a number of Experiments 

Riga Fir (Barlow, 58), 1-3 
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Dantzic Oak u 
English „ 
Pitch Pine 

55. Find the deflection of a 
piece of fir 2 ins. deep and 1 in. 
wide, with a load of 420 pounds 
at the centre of a 30 in. span. 

Answer, if ^=-003, -47 in. 
Exp. (Barlow, 73), '44 „ 

56. Find the central break- 
ing weight of the cast iron 
beam in Fig. 37 for a span of 
48 ins. Answer, '9 ton. 

Mean of 6 Exps. 

(Barlow, 154), 11 „ 

57. Find the breaking 
weight, if the side AA is 
horizontal. Answer, \*^icma. 

Mean of^ Exps. (Barlow, 154), 1*6 „ 

58. Find the breaking weight of the cast iron 
girder shown in Fig. 38, on the assumption that 
half the web gives out the full strain of 7 tons 
per square inch, the span being 4 ft. 6 ins. 

Answer, 3 tons. 
Exp. (Barlow, 173), 3 „ 

59. Find the breaking weight if the top flange 
is If ins. by \ in., and the bottom If ins. by | — ' W^ 

the other conditions being the same. " ' 

Answer, 3*36 tons. Fig. 38. 
Exp. (Barlow, 174), 3-30 „ 

60. Find the breaking weight if the top flange is 1 in. by 
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•3 in., and the bottom 2 in. by '6 in., the other conditions 
being the same. AnsiceVj 4*0 tons. 

Exp. (Barlow, 174), 3-7 

61. Find the breaking weight of the girder . 
in Fig. 39 under the same conditions. 

Ans^cer^ 4*2 tons. 
Exp. (Barlow, 174), 3*9 „ 

62. Find the breaking weight of the girder 
in Fig. 38 if the top flange is 1 in. by '34 in. 
and the bottom 3 ins. by | in., the depth and 
span being as before. Answer j 4*9 tons. 

Exp. (Barlow, 176), 4-8 „ 

63. Find the breaking weight if the top 
flange is 1| ins. by '3 in., the web '34 in. thick 
and the bottom flange 5^ ins. by ^ in., the 
other conditions being as before. 

AnsiveVj 7*5 tons. 
Exp. (Barlow, 177), 7-5 

64. Find the breaking weight 
of the beam shown in Fig. 40, 
neglecting the vertical web, the 
span being 7 feet. 

Anstcer, 5*3 tons. 
Exp. "(Barlow, 180), 6-1 „ 

65. Give the deflection of a 2 
in. square bar of wrought iron with 
4,500 lbs. at the centre of a 25 in. 
span. Answer, •049. 

Exp. (Barlow, 256), -049. 

66. If the common rafters in 
a roof are placed 15 ins. apart, centre to centre, and are 
2 1 ins. wide and 3^ ins. deep, what is the greatest span that 
should be given to them, the pressure of wind and roof 
covering being taken at 56 lbs. per square foot vertical ? 
With this span what will the deflection be if E = '003 ? 

Ansicer, Span, 6 ft. 10 ins. 
Deflection, '51 in. 

67. Find the greatest span and corresponding deflection 
for 1 in. slate boarding. Answer^ Span, 5 ft. 2 ins. 

Deflection, '96 in. 
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68. rind the greatest span and corresponding deflection for 
9 in. by 3 in. purlins placed 4 ft. apart and 8 ft. apart. 

Ansicer^ Span, 11 ft. 7 ins. and 8 ft. 2 ins. 
Deflection, '53 in. and '26 in. 

69. The joists in the floor of a house are 12 ins. apart 
centre to centre. If they are 2 J- ins. wide and 7 ins. deep, 
find the maximum span and corresponding deflection. 

Anstcer, Span, 11 ft. 8 ins. 
Deflection, '7 in. 

70. The flooring boards of a platform at a passenger station 
are carried by joists, placed 2 ft. 6 ins. apart centre to centre. 
The width being 3 ins. and the span 6 ft., find the depth and 
deflection. Answer, Depth, 6^ ins. 

Deflection, '2 in. 

71. In the last question, if the platform was for a ware- 
house, what would the depth and deflection be ? 

Ansicer, Depth, 9 ins. 

Deflection, '14 in. 

72. The pitch pine cross bearers in a railway bridge are 
11 ft. span, and carry a distributed load of 16 tons; give 
their size and deflection if they are square. 

Anstcer, 13 ins. x 13 ins. 
Deflection, '32 in. 

73. If the span in the last question is 16 ft., give the size 
and deflection. AnsiveVj 14^ ins. x 14^ ins. 

Deflection, '64 in. 

74. What weight applied at the centre will break a balk of 
pitch pine 12 ins. square and 20 ft. span 7 

Anstce7', 21^ tons. 

75. Find the deflection of this timber, when loaded with an 
equally distributed load of 20 tons. Answe^*^ 3^ ins. 

76. If a single line of railway is to be carried over an 
opening by two 12 ins. by 12 ins. balks of Biga firj" what 
must the maximum span be ? Ansicer, 6 ft. 

77. What would the span be if the balks were 14 ins. by 
14 ins., and of pitch pine ? Anstvcrj 14 ft. 3 ins. 

78. A roadway bridge is formed of fir balks laid close 
together side by side, and covered with 6 ins. of metalling. 
If the thickness is 12 ins., find the maximum span. 

AnsweVj 31 ft. 
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79. In the last case give the proper depth for a span of 
12 ft. Ansicery 4*65 ins. 

80. A footbridge floor is 3 ins. thick ; find the maximum 
span. Ansiverj 10 ft. 11 ins. 

81. Find the distributed load which a steel joist will 
carry without any portion of the material being strained to 
a greater extent than 10 tons per square inch, the span being 
20 ft., the width 6 ins., the depth 12 ins. and the metal ^ in. 
thick. Ansicer, 16*8 tons. 

82. Give the deflection of a beam of pitch pine 11*5 ins. 
wide, 11*4 ins. deep and 12 ft. span, under a central load of 
(a) 9 tons, (b) 13 1- tons and (c) 18 tons. 

Answer *78 1*17 1*56. 
Exp. (Min. Inst. C.E., 63-158)' -51', 0-84' 1-37! 

83. Give the deflection of a beam of Baltic redwood 11*88 
ins. square and 12 ft. span, under a central load of (a) 4| 
tons, (b) 9 tons, (c) 13 ^ tons. AnsiceVj -50, 1*00, 1*50. 

Exp. (Min. Inst. C.E., 53-158), 36, 0-83, 1-40. 

84. In examples 82 and 83, give the breaking weights. 

Anstcerj 31*0 tons and 23*3 tons. 
Exp.,2b'7 „ 160 „ 

85. Show that the deflection at a point distant x from the 

centre of a beam loaded at the centre is ll^—(2x)A^^-' ,' - 

\ /24ilt./«, 
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CHAPTER V. 



THE ABCH. 



49. In Fig. 41 let the weights p^ m^ • > * Pii ^ ^P^ 




poiied through the medium 
of the chain OJ , . . 8 at 
the points and 8 by the 
reactions RJii and B^Rz 7 
to fifid the position of 
equilibrium by the graphic 
method. 

To find the position of 
the line of equilibrium we have 



and R2B=pi.l-\-p2.2 + 



• • • 



• • • 



+Pr7, 



and from these equations R^ and R^ may be obtained 

Pv JP2> • • • jP7> being known. 

Draw the horizontal line XO and the vertical line 

aX6,andmake6X=jBiandaZ=222; setoffj),,j02, . . .i??, 
between 6 and a ; take any point on OX and join 

Oa, Oc^ . . . etc. 
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Draw 8 J parallel to aO, 7,6 parallel to cO^ etc., and 
0,1,^^ , , . 8 will be one of the lines of equilibrium. 

It is manifest that there are an infinite number of 
curves of equilibrium each depending on the position 
of 0. 

When Ply P2J • • . P7 are all equal, the curve is a 
parabola, as can be proved by conic sections ; but when 
OJ, 1.^ . . 7.8 are equal instead of O.r, i'.;/, . . 7'.^', 
it is a catenary. 

BO. The curve may also he found by the method of 
moments, and this is the more convenient way when we 
wish to make it pass through any fixed point. 

Suppose we wish it to pass through the point 5, we 
have by taking moments about o and putting S for 
the horizontal strain : — 

R;^.-Pi.2'-p.^.l=-S.S.3\ 

The value of S being obtained from this equation, 
the value of 1.1' , ^2J2\ etc., can be found by taking 
moments in the same way about i',i^', etc. 

51. In the case of an arch, the position of the curve 
of equilibrium may be obtained in the way given in 
either of the last two sections, but it will be above 
the horizontal line 0.8, and the strains will be com- 
pressive instead of tensile. 

B2. With a brick or stone arch, the material of 
which is not capable of resisting a tensile strain, the 
line of resistance must fall at all points within the 
middle third of the thickness, as has been shown in 
section (21); but in one of timber or metal it may fall 
outside altogether. 

The curve of equilibrium has an infinite number of 
positions ; but in the former case, that which agrees 
nearest to the centre line of the arch should be taken, 
and in the latter the position is absolutely fixed owing 
to the efifect that the strain has on the various mem- 
bers. This efiect we will now proceed to consider. 
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B3. We shall prove that if the arch is tied or hinged 



My icUl be zero. 



23/y 

^My 
2il/ 



7> 
J7 






7J 
7J 



7) 







af the abutments — 
If it is hinged at one abutment 
and tied at the other — 

and 
And if it is fixed at both abut- 
ments — 

a7id 

Where 23/y represents the sum of all the moments 
of the external forces 
each multiplied by the 
ordinate of the curve at 
its point of application, 
and so for 2Mx and 2ilf, 
X and y being the co- 
ordinates of the curve ^^^' ^^' 
referred to aa^y as horizontal axis, and a as origin. 

This may be easily explained by reference to Fig. 42, 
in which 

2il/y = C|&i X c^a^ + Cgftg ^ Cg^ + ..... 

I,Mx = cj)^ X aa^^ + cj)^ x aa.^ + 

2 J/ =cfii +c^2 + 

We have taken the verticals cfii, c^^i • • • instead 
of the normals to the curve, for it amounts to the same 
thing whether we take the thrust by the normal or the 
horizontal component by the vertical cb. 

The position of the curve which will satisfy these 
equations may be found by trial with sufficient accuracy 
for all practical purposes. 

54. To prove these re* 
lations we m>ay proceed 
as follows. 

Take a short length 
c of the arch abg (Fig. 
43), and let 6 be the centre point of it; call ag=^a^ 
and join ba. 




rig. 43. 



ad_ 
ae 


ah 


ed_ 
ae 


X 

ah 
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Now, if ha is rigidly connected with c, when the arch 
is strained and the direction of c altered by the strain, 
ha will move through an angle A0 to the position he ; 
AO being the circular measure of the angle ahe. 

Now by drawing ae at right angles to aft, and ed 
at right angles to ag^ it will be seen that the effect 
of the strain is to cause a horizontal displacement of 
ad^ and a vertical displacement of ed. 

We have by similar triangles, the angles hag^ aedj 
being equal, 

or ad = -^^y = A0. y, 
ah "' 

and ^ = J*"-, or cd = —-x = A0. x, 

ae ah ah 

Now, since the arch is tied at a and g, the sum of 
all the horizontal displacements, caused by the altera- 
tion in direction of each length c, is zero. 

Hence we have S^^A^ =0 . . . (1) 

Next let a and /3 be the angles denoting the change 
in the direction of the arch at the abutments. 

The arch at g^ moving through the angle /9, will 
cause a vertical displacement of a.jS at a, and since the 
total vertical displacement is zero, we have, 

2xA0 + a.ff =0, 

and 2 (a — x) A0 + a.a = O. 

If the arch is fixed at </, ^ = 0, 

so I,xA0 =0 . . . (2) 

If it is fixed at a, a = 0, so 

l(a-x)A0 =0. 

By addition we get 2a A ^ =0, 

or, since a is constant, 2 Atf =0 ... (3) 

Hence 
if the archis hinged at a and g 2y a ^ = 0, 
if hinged at a, and fixed at gr, 2y A ^ = 0, and 2a? A ^ = 0, 
and if fixed at a and g, ^yA0 = 0, and 2 A^ = 0. 

We have now to find A^. 
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In Fig. 44 let NN be the neutral line of the arch 
ABCD, NN being equal to c, and let 
be the centre of curvature before strain, 
and 0' after strain; call AN = NB = A, 
and the circular measures of the angles 
COA,C'0'A, ^ and 0\ 

When strained the rib will assume 
the position ABG'D', and NN that of 
NN', NN' being equal to NN and c. 

Let f be the strain on the fibre AC, 
and A its sectional area. 

Then the strain per unit on it will 

f ' .1 

be ^» and since a strain of ^ (see end 

of section 29) would double the length 
of a bar under strain, if the law of 
elasticity held good to this extent, we have 

fE Jc + ffh)-{c + 0h ) _^ y-g 
A c + 6h c + dh* 

= -*^^.4 calling ON=r, and 6'^0= A0. 

The moment of this strain about NN will be 
_ K'Ad A 
0{r + h)E' 

Hence M = ^fh 



Fio. 44. 



_ V 



h^A0 A 



0{r + h)E 
^^ A 2i4A^ for A^, (r + h) and E are 



constant, 



0{r + ft) -B 

A0 I 

' 0{r-¥h)E' 

_A0I when, as is generally the case, h is 

~ 0r E small compared with r, 
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= =,. smc3 c= Or. 

c E 



A0 =^^f~E. 



or Atf = ^^.E, (4) 

Substituting for A 5 in (1) (2) and (3) we havej since 
y E is constant — for if the cross section is not uniform 
throughout, c may be so taken that - is constant — 

2m 3/ = (B) 

SxM =0 (6) , 

2M = (7) 

If f be the strain per unit of area on the most distant 
fibre from NN, or h', from it, then 

»_ h'A0 1 _ h'A0 1 
' e{r + h'JE c £' 

when A' is small compared with r. 
Combining this with (4) we have 

M.tl. 

BB. To find the horizontal thrust caused by a rise of 
temperature and the conser 
qu£nt moments on the arched 
rib. 

If the half arch ah (Fig. 
4B) is free, a rise of temper- 
ature, by ex tending it equally 
all round, will cause it to 
assume the position a'h\ and 
the horizontal displacement 

I 



(8) 



at a will be equal to (o^-ni 




Fig. 45. 



being the whole span, t the 

rise of temperature in degrees, and e the extension 

per unit of length for each degree. 
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Let H be a horizontal force acting on the arch and 
producing a horizontal displacement of ^ e.t, that is 

to say, let H be the horizontal thrust caused by a rise 
of temperature in the arch when kept from spreading. 
It might perhaps at first sight be thought that the 
force H, as in Chap. I., sect. 3, would be 5 tons per 
square inch, i.e., 6 tons multiplied by the sectional area 
of the rib. Further consideration, however, will make 
it clear that the arch will act as a long column, as in 
Chap. VI., and will oppose the pressure by its resist- 
ance to bending, and not by its direct resistance to 
crushing as if it was a short straight column. If the 
arch be hinged at a, H must act through a ; but if it 
be fixed, H will act through some point d, ad above a. 

The effect that the force H has at any point c, whose 
co-ordinates referred to a as origin are x and t/, is to 
produce a bending moment M on the arch equal to 
H.fcc, or if the arch be hinged, of H.y. 

Now since the bending moments produce a horizontal 
displacement of 






^^^•E (l)and(4) 



we have led = 2%.^.J5:, 

which, since M= HJcc^ = -^E ^^yJcc^ 

or H= L.f _^- J_, ... (9) 

or, if the arch be hinged, = ^e,t^ , . . (10) 

The vertical displacement » is S" x-^Ey 
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or V =^El.''xJcc. 



I 



I,^x,Jcc 



Combining this with (9) v = ^e.t .... (11) 



I^'yJcc 



or with (10) = y.t-t — .... (12) 

The maximum value of e.t, at any rate in this climate, 
may be taken as 'OOOS, so that (9) becomes 

I ^ ^y 

And for a span of 100 ft. and rise of 20 ft., 

1200 nrw; 1034 
V =-_x0006x-g33, 

= -68. 



Examples. 

1. A brick arch 42 ft. 6 in. span, 10 ft. rise, is 3 ft. thick 
at the abutments, and 2 ft. 3 ins. at the centre. The inclina- 
tion of the roadway over it is 1 in 20, and there is a foot of 
road material over the crown ; find the vertical and hori- 
zontal components of the reaction at each abutment per foot 
in width. Ansicer^ Vertical, 7 tons and 8 tons. 

Horizontal, 6 tons. 

2. Find the reactions in the last case if the inclination on 
the higher side is 1 in 20 and on the lower 1 in 7. 

Anm.cer^ Vertical, 6 tons and 8 tons. 
Horizontal, 5| tons. 

3. In Example 1 find the maximum strain per square inch 
on the brickwork. Aiisicer^ 83 pounds. 

4. Will these arches stand ? and, if not, why not? 



74 STRUCTURAL MECHANICS. 

5. One ton weights are suspended by a chain at horizontal 
distances of 10 ft. between each and between the last and 
the abutments, which are 100 ft. apart. If the deflection is 
10 ft. at 40 ft. from one abutment, how much will it be at 
10 ft., 30 ft., and 50 ft. ? 

Ansicer^ 3 ft. 9 ins., 8 ft. 9 ins., and 10 ft. 5 ins. 

G. Find the strain at the centre and at the abutments in 
Example 5, and also the horizontal and vertical reactions 
given by them. Ansicer^ 12*012, 12*816, 12 and 4| tons. 

7. A segmental arch, 50 ft. span and 10 ft. rise, is loaded 
at the centre; how far above the crown will the line of 
resistance be at the centre (a) when the arch is hinged, and 
(6) when it is fixed at the abutments. 

Ansivevj (a) 3 ft., {b) 2 ft. at centre, 1 ft. 8 ins. at abutments. 

8. Give the result in the last case when the arch is hinged 
if the load is equally distributed on the horizontal line. 

Ansiver^ 3 ins. 

9. How much would a rise of temperature of 45° C. move 
an arch, of 100 ft. span and 10 ft. rise, upwards at the centre ? 

Anstver, 1*17 ins. 

It). An arch of 100 ft. span and 20 ft. rise has weights 
placed on it at horizontal distances of 10 ft. Give the values 
of the different weights with reference to the central weight, 
in order that the line of resistance may agree with the curve. 
Give also the vertical and horizontal thrusts of the abutments. 

Ansiccr, TF, 1-1 W, 1-25 TF, 11 W. 

Vertical thrust 5*55 TF, horizontal 7 TF. 

11. A footbridge is 6 ft. 10 ins. wide and 70 ft. span, and 
is supported by two wrought iron ribs each 7 ft. rise and 
1 ft. 9 ins. deep. The dead load being 12 tons, give the hori- 
zontal thrust, the vertical reaction of each abutment, and 
the maximum strain on the flanges in each of the following 
cases, neglecting the strains which arise from change of 
form and temperature : — - . - 

II |l -^ i| 

If f of the span is covered by the rolling load 12 3 J- 6 J 15 
If A „ „ „ 17 5i- 8i- 16 

If the whole » » » 22 9 9 12 
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12. In the last example how much will the crown rise and 
fall with the variations of temperature ? 

Ansiver, '82 in. 

13. Find the additional strain that this will throw on to 
the arch at the crown, supposing the ribs to have been fixed 
at the maximum temperature. 

Anstver, 5-2 on one flange and 4*0 on the other, 
i,e,j about 1 ton per square inch. 

14. Assuming the mean compressive strain on the metal of 
the rib to be 5 tons per square inch, what additional strain 
will be thrown on it owing to its change of form ? 

Ansiver. The strain has just the same effect as the tem- 
perature, I.e., one ton per square inch, for 5 tons produce an 
extension of '0005. 

15. An iron ring 5 in. internal and 7 in. external diameter 
and 1 in. square in section, connects two chains ; find the 
tensile strain th^t may be put on these if the metal may 
not be strained to over 5 tons per square inch. 

Ansiver^ 1 ton. 

16. A segmental arch of brickwork 25 tt. span 7 ft. rise and 
1 ft. lOi ins. thick, is covered with ballast, the top of which is 
horizontal and 3 ft» above the soffit at the centre; if the 
width of the arch is 13 ft. 4 ins. and the rolling load 2 tons 
per lineal foot, find the horizontal thrust, the maximiun dis^ 
tance between the line of thrust and the curve of the arch, 
and the maximum pressure on the brickwork, (a) when the 
arch is all loaded and (h) when the load is half on, both by 
the graphic method and by the method of moments in each 
case. 

Ansicer, Thrust per foot in width (a) 73 cwt. (b) 58 cwt. 
• Divergence (a) 1^ ins. (h) 7^ ins. 

Pressure per square inch (a) 56 lbs, (b) 58 lbs. 



CHAPTER VI. 

COMPEESSIVE STRAINS. 

56. A column or strut under pressure may fail in 
three ways : firstly, by the metal being absolutely 
crushed ; secondly, by the column bending and break- 
ing near the centre of its length ; and thirdly, by the 
plates composing it wrinkling, owing to their breadth 
being out of proportion to their thickness. 

Failure by Crushing. 

B7. If the length is not many times more than the 
moment of resistance of the cross section of the column 
the failure will be simply by crushing, and the strength 
will depend only on the actual sectional area, with the 
exception that the resistance of thin metal per square 
inch is greater than that of thick. 

With cast iron the failure is due to the 
upper part sliding, as it were, off the lower 
at an angle as in the wood-cut. The absolute 
resistance is variable, but may be taken at 42 
tons per square inch, or 6 times the tensile 
resistance, and the safe resistance as 7 tons per square 
inch. 

With wrought iron the metal will bulge or thicken 
out at the point of fracture, in such a way that it is 
difficult to state at what point actual failure takes 
place. For practical purposes, however, all materials 
may be considered to fail when their limit of elasticity 

70 
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is exceeded. Now with wrought iron a pressure of each 
ton per square inch will produce a depression of 'OOOl 
times the length until the strain is 10 or 12 tons, when 
the depression becomes more and more for each ton, and 
a permanent set is produced. In these pages 10 tons 
per square inch is taken as the limit of elasticity and 
6 tons as the safe resistance, the actual weight under 
which complete failure ensues being from 16 to 20 tons. 

With timber failure sometimes takes place by the 
fibres crushing into each other and sometimes by their 
splitting apart; in the latter case, although it may be 
due to absolute crushing, the length has some influence 
on the resistance, for each fibre may be considered to 
be a column failing by cross breaking, assisted how- 
ever by its adhesion to the adjacent fibres. 

The absolute resistance varies from 2 to 3 tons per 
square inch, and the limit of elasticity may be taken 
as about half this, and the safe resistance as 10 cwt. 
It is necessary, however, that the strains should act in 
the direction of the length, for if applied crossways the 
resistance is very much less ; in- 
deed the author has seen a weight 
of a ton, applied as in Fig. 46, 
shear off the fibres, although the 
length was 2 ft. and the width 
under pressure 6 ins., which in- 
dicates a resistance of only 16 
pounds per square inch. 

With stone and brick the failure Fio. 46. 

is due to the weight first cracking 
the material, and then crushing it into powder. The 
resistances and safe loads for various substances are 
given in section 4, Chapter I. 

Failure by BENDiNa or Cross Breaking. 

68. To find the weight which will cause a column to 
bend or break across. 
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Let the weight TFrest on a column half of which 
BBn is shown 
in Fig. 47, and 
assume that it 
has deflected 
it to the ex- 
tent shown, 
and let D^D.^ 
. . . Dnhe the 
deflections at 

From 6\_i let fall the perpendicular Q^iKonB^X 

cutting jB^i Bn in H. 

At the section C^B^j we have W,Di = Si,M^ 

Si being the strain induced, and M the Moment of 

Resistance of the section. 




Fig. 47. 



CnPn* 



So at CgBg, 



we have ir.Dg = s^^.M^ 



and at C^B 



n-'^n) 



>> 



W.D^ = 8,,.M. 



Now that portion which sustains a tensile strain ot 
s^ will be lengthened to a + Sf^E.a, a being the length 
of the short part under consideration. 

We will consider the portion C^iB^^,CJ3^ in which 
the strain is s„, the bottom B^i B^ being consequently- 
lengthened from a\jo a-\-s^ E,a, and the top shortened 
io a — 8n E,a. 

The strain, if we consider jB„C„ fixed, will cause 
C^iBn-iCnl^H to revolve about the point until C^iC^ 
becomes a — s^E.a and J8„_i B^ becomes a + sJS.a^ and 
then i^«_i B^ will make an angle B,^^ B^ X with J3„ A^, 
and tkis we will call 6,,, 

Then since the angle B^^ HCn-^^^^KHB^^ and the 
angles C^J3^JI^ HKB^ are right angles the angle 

And so, calling the depth 2A, we have 
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and also '* 



" wa' 



a, 



'» 



» " h ' 

»^,^a»(n-l) 

• « 

Hence Z>« = d,, + d^^ + — + d^ 

a "ft 

n _n :^?* 

il/ _ M Ua2 
or ««-! "ij;- ~*'''j|/^~*»" ft ' 

In the same way 

2 






Hence Z)„ = "^ft" *» J « + (" " 1) ^1 " "ft-;!^ ) 
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Now in the expansions of ( 1 — , "mI ^^ ^ ^ ^^^^ large 

a will be very small, and so everything above the 
second power of a may be neglected, and we have 

D« = ^-sJ[« + (n-l) + («-2) + . . . + 1] 

-'r-l7f("-i)'i+(«-.2)-2+---+i-(»-i)]|' 

= - ^- sAln + ill -1) + {H- 2) + . . . + 1] 



Ea^W 



Ea^ (n(n + 1) 

Edl^W 
~ h'M 



~ A~"IzKl + 2 + - •• + «-!)» 
-(P + 2» + . . . + n-l*)]j> 

{ 

r n(n-l)yi _ (n - l)n(2yi - 1) 1 ) 

Now since n is large n+1 and w-l may be put = w, 
and we get 

_Einaf CI ^(na)2 Wl} 
" A "(2~ A.n 37 6) 

For 72a, 2 may be put, I being the length of the column 

E{naf Wl (ly 

and ft^ jUg becomes -E^ ( 2 ) ^'^j and may be neglected 

A.wjy.6 
since n is very large. 
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Thus it appears that we might have neglected the 
second powers of a in the first instance, but this was 
not then quite clear. 



We have therefore 



D. = 






Now 



W -s^ 



8 



MM 8Mh 8/ 



:. the strain per square inch 



W 



area 
8 



8i 
area 

'eF 



8r 



Et'' 







that is to say, the resistance to bending depends only 
on Ej and has no reference to the direct resistance to 
crushing. 

59. To find the resistance of any column it is neces- 
sary first to find the radius of gyration, or r, 

ive have v^ =  • 

sectional area 

For a rectangular cross 
section 

I = 26.ax«, 



4"3 12' 




-AX^C. _ 



Fig. 48. 



O 
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Hence r^ = 



I _12 ^d^ 

sectional area bd 12' 



and 






= ^•288, 
r ~d-2S8~ d 



For a square placed diagonally 



I =2x-10 



•10 X 1-3B« + -30 X 1-2B« + -50 X 11B« 

+ -TOxl-OBH -SOx-gB* 
+ l-10x -852 + 1-30 X -TB" 
+ l-80x -GB* + 1-70 X -BB* 
+ l-90x ^B* + 3:10 X -352 
+ 2-30x -262 + 2B0 X -IB" 



+ 2-70 X 



«■}©' 



= -os^. 



Hence r^ = 



area 



and r = -283^, - 



I 



r '^SSd-'^^'^d 



Hence the diagonal resistance 
is nearly the same as the square. 




Fig. 9. 
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For a solid circular section 



I =2x-10^^ 



•60 X -95* + I'OB X -SB* + 1-33 x -TB* 



+ 1-52 X -652 + 1-66 x -BB* 
+ 1-80 X -dB* + 1-88 X -SB* 
+ 1-9B X •2B« + 200 X -IB^ 

+ 200 X -OB*^ ^'^'■ 



and r* = 



8 
/ 



area 
•20 



3-96 --OBd*, 
_ -OBd* 



-A\ 



or 



31416 ' 
r =-2Brf, 
I ^J, 
r -26^ 



=4 

a 



For a thin hollow cylinder 

I =4 X •1122d'<. {bO^ + -472 + -438 + -Se* + -282 + IT* 



and 



.8 _ 



•4488d'3< X -8963 = •40d'3<, 



3l416d'<' 



area 
•40 



d'«. 



~ 31416 
Hence 
r = d' yi273 

' • r •3Bd' 



= ^Bd'. 
= 4 




Fio. 50. 
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The diameter must be taken to the centre of the 
metal, hence it is evident that the thicker the metal 
the less will r be, and so the resistance per square inch 
will be less. 

Putting ^ = ^, we have v = d'-35 = -Sd'SS = -316^, 

or 11 =f, ?7 V ='8d-36 = -28d. 

5 

60. It will be seen that no weight less than W will 
have any tendency to bend the column; and if it is 
deflected by a force applied at right angles to it, when 
the force is removed, the resistance being greater than 
the weight, the column will recover its position so long 
as the deflection is not carried too far. If however the 
deflection 2)„ is made so great that 8^ becomes more 
than 10 or 12 tons, in the case of wrought ii*on, the 
value of E will become greater, and consequently the 
weight carried will be less. If, again, the load carried 
is greater than 10 or 12 tons per square inch, the value 
of E will also become greater, so that when the ratio 
of length to radius of gyration becomes so small that 
the column is on the point of failing by direct crushing, 
the resistance to bending will be less. 

In practice, however, by no accident should the 
strain ever exceed 10 tons, and the usual working load 
is B tons per square inch. 

61. A factor of safety of about Jth the absolute re- 
sistance of the metal is commonly taken, but this is 
really only J of the elastic resistance. 

Now in a long column, until the breaking weight is 
actually reached, except in the cases just referred to, 
there is, theoretically, no tendency to bend, and cer- 
tainly the elastic limit is not exceeded, hence so large 
a factor of safety is not required. Owing however to 
differences in the different parts of the same metal in 
the value of E^ and also to the possible divergence of 
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the line of pressure from the neutral line, some margin 
must be allowed, and it is perhaps as well to take a 
factor of f , or to put it that the weight per square inch 

3 
that may safely be put on a column is — r:— ., and that 



-0* 



this in the case of cast iron should not be more than 
7 tons, of steel 6^ tons, and of wrought iron 6 tons, for 
short columns will fail by crushing. A deduction for 
rivet holes must be made in calculating the sectional 
area. 

With cast iron we have E= -00018, steel E= -00008, 
and wrought iron JE=-0001. Hence, the maximum 
strain that should be put on the metal — 



I 



Cast Iron. 



when - = 100, is 1*66 tons 
r ' 



Steel 

3-7B tons 



Wrought Iron. 

300 tons 



7> 
7J 



200 
300 
400 



7) 
77 



0-41 
018 
010 



77 
77 
77 



0-94 
0-42 
0-23 



77 
77 
77 



0-75 
0-33 
019 



77 
77 
77 




u:^ 



If a column is fixed at the ends^ the strength is three 
times that of the unfixed column^ and if fixed at one end 
and free at the other ^the strength 
is twice that of the unfixed column^ 
the strains acting as in a con-- 
tinuous girder (Fig. 61). In the 
first case the length between 
the points of inflection is a little „ 

more than half the length, and 
in the second a little more than two-thirds, for 







I 
1 
i_ 



'•60 

I 

 {-If 



••33 

I 

' (-68)^ 



88 STRUCTURAL MECHANICS. 

With timber, the value of E may be taken as '001, 
and a factor of safety of 6 should be allowed. Thus 
the safe load in tons per square inch is 

4 1333 

•O" ©' 

which must not be more than 10 cwt. 

The Wbinkling Strain. 

62. When the width of a plate is considerable com- 
pared with its thickness, failure may take place by the 
metal wrinkling or corrugating between the supports. 
By means of a number of experiments on square tubes 
in which the plates were from J- to \ inch thick, and 
8 inches and 4 inches wide, and were supported at each 
side and the weight applied directly, and again by 
experiments on tubular girders, in which they were 
from aV to f inch thick, and from 2 to 24 inches wide, 
the following empirical formula has been established — 



8 



= 70 VI. 



in which s is the resistance in tons per square inch of 
the metal to wrinkUng, and t and 6 the thickness and 
breadth of the plate when supported at each edge. 
It might perhaps be equally well expressed, 

«=/>/6,00a|, 

or taking 4*1 as the factor of safety, 

8 = Vsoo^. 

b 
When a plate is supported at one edge only, its re- 
sistance muist be considered to be not more than J of 
that supported at both edges, and thus we have 



8 



= Vi< 
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1. Give 

break the 

ends. 

LoDgth. 
ft. ins. 

2 6 

2 6 

5 

7 6 

5 

10 

7 6 

5 

10 



Examples. 
the weights in tons per square inch which wonld 
following wrought iron columns, when fixed at the 



Thickness, 
ins. 

3 

i 

2 
1 



ll 



1 



Answer* 
tons. 

12-2 
5-4 

. 5-4 
5-4 
31 
31 
24 
1-4 
1-4 



Experiment (Box, 141). 
tons. 

12-4 for '76 thickness. 

75 

7-7, 8-0, and 7-9 

8-9 

5*8 for '77 thickness. 

4-5 

4*4, 4*4 and 41 

2-5 

1-9 



2. Also of the following, when not fixed at the ends. 
Length. 



ms. 

io| 

12 
15 

18 



Thickness. 

in. 
1 



Ansicer, Experiment (Author), 
tons. tons. 

7-3 .... 7-5 



3-7 
2-8 
1-8 
1-3 



6-4 
40 
3-5 
2-1 



3. Give the breaking weights of the following 1 inch 
diameter wrought iron cylindrical columns when fixed at 
both ends, one end, and neither end, in tons per square inch. 

Fixed at both ends. Fixed at one end. 



Length. Answer* Exp. (Box, 124). Answer, 



ft 
1 
2 
5 

7 



ins. 

3 
6 

6 



tons. 

16-0 

160 

4-2 

1-8 



tons. tons. 

15-3 and 15-3 16*0 

128 and 14*0 ll'l 

7-1 2-8 

2-9 1-2 



Experiment, 
tons. 
13-8 and 15*8 
11-8, 12-5 and 10-8 
4-4 
1-8 



Length, 
ft. ins. 



Bounded at both ends. 

Answer, Exper'ment. 



1 

2 
5 

7 



3 
6 

6 



tons. 

160 
5-5 
1-4 
0-6 



tons. 

13-4 and 132 

9-0, 8-4 and 8*2. 

2-2 and 2*1 

1-0 and 1-0 



4. Give the breaking weights per square inch of the 
following wrought iron tubes fixed at both ends. 
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Length. 


External 


Thickness. 


Answer, 


Experiment (Box. 139). 


ft. in. 


Diam. in ins. 


in. 


tonR. 


tons. 


9 9 


405 


•15 


160 


11-7 and 123 


9 6 


3-00 


•15 


160 


12-4 


10 


2-50 


•10 


10-6 


13-3 


9 11 


2-35 


•25 


8-3 


9-6 and 99 


10 6 


2-00 


•10 


6-0 


10-3 


10 5 


1-50 


•10 


33 


6-5 



6. Give the breaking weight in tons per square inch of the 
following solid cylindrical pillars of cast iron, both with the 
ends flat and with them rounded. 





Ends fixed. 




Ends rounded. 




I 


Aruwer, Exp, (Box, 


108). 


Answer, 


Experiment, 


d 


diam. in ins. 




diam. in ins. 




i or f . 1. 


li or 2. 




Jorf. 


1. lior2. 


10 


420 30-3 




Tl'l 


21-7 


— — 


15 


37-0 25-6 22-9 




12-3 


120 


11-3 


20 


21-0 — — 


— - 


7-0 




8-0 


30 


9-2 15-4 11-4 




31 


4-3 


3-5 3-6 


40 


5-2 


6-7 


1-7 




2-7 


60 


2-3 3-7 3*5 




0-8 


1-2 


M 


120 


0-6 1-1 




0-2 


0-3 





6. Give the breaking weights in tons per square inch of 
the following hollow cast iron cylinders, as before. 

Length. Ext^ Thickness. pi^^d at ends. Ends rounded. 

ft. in. Inche's. Inches. ^'"'^^'•- ^'*^- (^^*» ^^'- ^''*'^''*- -^^^• 

9 111 -11 42-0 431 — — 

1 3 » j» » 320 — — 

2 1-16 ^20 23-7 230 — — 
2 6 1-25 -25 16-5 191 — — 
4 9 1-75 » — » 3-4 4-6 
7 6 » » 41 60 1-4 1-9 

200 •SO 5-4 7-9 1-8 23 

2 25 ^35 6-7 8-9 ~ — 

•25 — — 2-4 3-8 

» 2-50 •SO — — 2-9 4-3 

» 2-75 „ — — 37 54 

» 300 -25 — — 4-6 5-2 

?7 3-35 -35 — — 5-5 6*6 
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7. Give the breaking weight in tons per square inch of the 

following rectangular pieces of wood rounded at both ends. 

llatio of Length Amwer. Experiment (Author), 

to Thickness. 

8 
16 



18 

24 



32 
37 
50' 



ni 



3-00 
2-50 

2-00 

1-10 

0-64 
0-46 
0-2G 



Pitch Pine. 

\ in. I in. 1 in. 

&fin. &iin. Jbljin. 

— 2-9 — 

— 1-6 



- {l: 



0-55 
0-28 



5 
3 
0-7 
06 
03 



2-0 

20 

1'7) 
1-5) 



Bed Deal. 

} in. i in. 1 in. 
& } in. & I in. & liin. 

— 2-5 — 

— 1-8 

3 

4 






13 1-3 



0-50 



— 0-24 



0-7 
0-6 
0-3 



0-2 



8. Find the radius of gyration 
of the strut shown in Fig. 52. 

Anstccvj 3-7 ins. and 3 ins. 

9. Give the breaking weight 
of the strut in example 8, if 

the ends are rounded, when - is 






,- — t 



I 

i 



"f 



't 



.'** 



^ 



y 



"V 



ii 



(a) 
17 
18 



/«, — 

Fio. 62. 

12-5 (b) 

11-8 14 

140* 16 

19 



1^ 



(a) 80, and (b) 100. 

Ansicerj 

Exp. (Min. Inst. C.E. 54-^201) 

10. Find the breaking weight 
of a wrought iron tube S} in. 
external diameter and f in. thick, 
having four 1-in. flanges project- 
ing 1| ins. outside; 27 ft. long. 

Ansicer, 6*8 tons. 
Exp.f 9-7 » 

11. Give the breaking weight 
of the column shown in Fig. 53, if 
it is 25 ft. long, and the ends are rounded. ^•^' ^^' 



8-0 
9-8 
11-9 
12-4* 




* Ends flat. 
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Anstcer, 8*0 tons. 

Exp. 1 1 (Min. Inst. C.E. 54-202) 11-4 » 

22 V » » 13-4 » 

23 7) » j» 14-7 « 

12. An octagonal column 12 in. diameter and 27 €t. long 
is formed of j in. iron with four external joiatu -each 1| in. 
deep. Find the breaking weight in tons per j»quare inch, the 
ends being hinged* AnstceVj 13'8. 

Exp, (Min- iw5t. C.E. 54-203), 9-8* 

13. In what direction is a, «trut of -f section most likely 
to fail ? 

14. What weight ^r square inch will break a cast iron 
strut of thisj^ction 3 ins. x 3 ins. x |in., 7 ft. 6 ins. long 
and roaaded at the ends. Ansicer, 2*25 tons. 

Exp. (Box, 118) 300 „ 

15. What weight per square in. will break a 3 in. x 2j in. 
X -35 in. cast H I. 7 ft. 6 ins. long and free at the ends? 

Ansicer, 3*25 tons. 

Exp. (Box, 120) 500 „ 

16. Find the breaking weights of the following wrought 

iron struts, each of which is 5 ft. long and I'ounded at the 

ends, in tons per square inch. 
Inches. 

3 X 2J X i + \, ^ns.,5-5 Exp, {Box, 143) 90 & 8*2 
" "■ " 13-6 & 9-1 (sideways) 

8-8 & 5-8 
80 & 6-5 

17. Give the results when the L I. in the last question is 

4 ft. and when it is 3 ft. long. Anstcerj 11*7 and 16*0. 

Exp., 11-1 and 129. 

18. Give the maximum value that may be given to - in 

order that taking - as a factor of safety for cast iron, steel 

o 

and WTOught iron, and 6 for timber, a pressure of 7 tons, 6| 

tons, 5 tons, and 10 cwt, may be put on a column of cast 



3x3 X f T 1. 


;> 


9-0 


J} 


» 


3x3 x^VL 1. 


V 


7-4 


?) 


11 


3 X If X A C 1. 


11 


5-5 


?> 


11 



* There were 12 other experiments on similar columns witli 
flat ends, and these confirm the result. Exp. 33 (Min. Inst. C.E. 
54-212) also bears on the results in the last five examples. 
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iron, steel, wrought iron, and wood respectively, both when 
the ends are rounded and when they are fixed. 

Cast iron. Steel. Wrought Timber. 

iron. 

Ansicer^ Ends Rounded, 49 76 78 B2 

» Fixed, 85 131 135 90 

19. What weight may be safely placed on a timber strut 
8 ft. 8 ins. long and 4 ins. square, if the ends are (a) fixed and 
{b) not fixed ? Ansiver^ (a) 7*7 tons ; (6) 2*5 tons. 

20. Give the weights if the strut is 8 ins. wide, 4 ins. 
thick, and the same length as before. 

Ansiver^ (a) 15*4 tons ; (6) 5*1 tons. 

21. To what length may a 6 in. x 6 in. strut be carried 
without reducing its strength to less than the maximum of 
10 cwt. per square inch ? Anmccr^ 7 ft. 5 ins. 

22. A weight of 11 tons is to be carried by a square prop 
6 ft. 6 ins. long ; give its proper size. 

Ansicer^ 5 ins. x 6 ins. 

23. Each pier of a double line bridge consists of iuz 10 n. 
X 10 in. piles, the spans being 20 'feet. Find lihe greatest 

length that should be given to the piles without bracing. 

Ansicer^ 17 ft. 8 ins. 

24. A screw pile is 4 inches in diameter, and of wrought 
iron. At what distances should it be braced in order that it 
may sustain a load of (a) 5 tons, and {b) 2J tons per square 
inch, the ends being assumed to be fixed ? 

Ansicer^ (a) 11 ft. 3 ins. ; (b) 15 ft. 11 ins. 

25. Find the resistance in tons per square inch which the 
following square tubes offer, the dimensions being internal. 

Inches. Antwer, Exp, (Box, 150). 

8x i thick. 12-3 115, 12-0, and 134 

9-1 

5-9, 5-9, 6-8, 7-2, and 7-1 
9-6, 10-4, and 13*6 
11-2, 10-5, and 132 

8-8, 10-3, 10-4, 10-7, 9-9, 98, 116 and 86 
49, 5*1, and 55 

26. Find the pressure which would wrinkle the following 
plates when supported at each side. 



Sxx 


» 


8-8 


8xtV 


» 


6-2 


4x i 


>) 


12-3 


4xtV 


» 


10-1 


4x^1^ 


>» 


8-8 


4x-*- 


)) 


6-2 
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Breadth, 
ins. 

22i 

22i 

15 

16 

15 

15 

^ 

n 



Thickness. 


Answer, 


ins. 




. . i . . 


12-8 . 




1 

2 


10-5 . 




, i . . 


15-6 . 




, i . . 


12-8 . 




I 


90 . 




1 


6-4 . 




1 


12-8 . 




 tV • 


. 90 . 




tV • 


. 12-8 . 




"32" 


. 90 . 



Exp, (Box, 229). 

13^ and 17| 
16 and 16^ 
16 and 15 
18, 18, and 15 
14^ 

15 
23 

12^ 



27. Give the resistance to wrinkling of the following square 
tubes in tons per square inch, the dimensions being internal. 



Square 
Inches. 
1x1 
1x1 
2x2 
2x2 



Inches. 
•03 thick 
•04 
•03 
•04 



Experiment (Aathor). 



n 



» 



Antwer, 

121 

140 

8-5 

9-9 



Square. 
14-3 
111 
6-7* 
7-0* 



Experiment, 
Bound. 

1 in. diam. 24*5 

21-0 



2 in. 



If 



28. Give the resistance to wrinkling of the 
C.I' in tons per square inch : — 



10-7 
12-5 
following 



Inches. 
1x3 x-08 
1x3 X 
1x3 X 
lx2ix 
lx2*'x 
1x2 X 
1x2 X 



Ixljx 



04 
03 
03 
08 
04 
03 
08 
04 



Ixl^x 
1 X l| X -03 
Ix lx-12 



An99rer. 

6-6 

4-6 

40 

4-4 

81 

5-7 

5-0 

9-3 

G'6 

61 
140 



Experiment (Author). 
Load at Web.f 
10-6 

5-8 

50 

5-5 and 20J 
12-8 and 61 J 

7-5 

7-7 
18-2 

7-8 
120 
13-5: 



* In these cases only two of the sides gave way. Hence if the load had 
been properly centred the resistance would probably have been greater. 

t In these experiments the 1 inch web which was supported at each 
end carried more than its proper proportion of the load. However, in 
the case of flanged girders, this is what occurs in practice, the strain 
being transmitted to the flange at its centre. 

X In these cases the load was appUed at the centre of gravity. 
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29. Three warehouse floors are supported by cast iron 
columns, placed 20 feet apart, 15 feet long. If the columns 
are hollow and considered to be free at both ends, give their 
external diameter and thickness. Diameter. Tbickness. 

Anaiver, 13 ins. 2 ^^« 

If fixed at both ends and 

of wrought iron plate. ... 12 „ 1^ „ 

30. Give the greatest widths which may be given to the 
following plates in order that they may not fail by wrinkling, 
the resistance to crushing being taken as 16 tons per square 

^ J in. I in. J in. § in. f in, 

A^mcer.b 7^ 10 12| 15 

31. In the top flange of a girder what is the greatest pitch 
which should be given to therivets,when the plates are(a) j in. 
and (6) ^ in. thick ? Answer ^ (a) 9 J ins., (6) 19 ins. 

32. Find the radius of gyration of the following angle 
irons : — 

lxlxi:lixl|xj: 3x3x^:3x3x1: 4x3x|. 
Ans., -20 in. "28 in. '60 in. -56 in. -66 in. 

33. Also of the following T. irons : — 

H X li X yV : 2 X 2 X J : 2i X 2J X I : 3 X 3 X i : 4 x 4 x i. 
Ans,, '32 in. '42 in. '55 in. '62 in. '84 in. 

34. Find the breaking weights of the following round or 
hinged ended L.I. and T. I. struts :— ^„,^^^^ jf.^^^ 

(Christie).* 



3 x3 X f 


in. 


L.I. 


8: 


ft. 


4 ins. 


long. . 


2-7 tons. 




6-0 tons 


2 x2 x^V 


V 


?» 


8 


11 


3 11 


11 


1-3 


11 


{ 


1-7 11 
30t » 


1 xl X i 


J7 


» 


5 


11 


3 11 


11 


0-8 


11 


{ 


1-3 » 
2-5 11 


3 x3 X ^ 


» 


T.I. 


8 


11 


4 11 


11 


30 


11 




60 11 


llxlixW 


>) 


11 


8 


11 


3 11 


11 


0-8 


11 




21 11 


1 xl x-V 


» 


11 


5 


11 


3 11 


11 


0-9 


11 




21 11 


3 x3 X i 


J? 


11 


6 


11 


10 11 


11 


4-6 


11 


f 
1 


60 11 
7-0 -11 


Ig X ±2 X -j^ 


» 


11 


5 


11 


3 11 


11 


20 


11 




3-5 11 



* American Society of Civil Engineers, vol. xiii. p. 85. 
t When properly centred. 
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35. Also of the following fixed-end Angle irons : — 

Answer. Exp. 
(Christie).* 

4 x4 X A in. LI. 14 ft. 6 ins. long. 5-1 tons. | ^^o^^,?^' 

2\ X 2| X A „ „ 14 » 6 » » 20 n I 11 jj 
2 x2 x-i?^- » n 4 » 6 j> J) i3-2 » 10*0 p 

36. Also of the following flat-ended Tee irons : — 

Answer. Exp. 

(Christie). 
2|x2|x A in. T,|. 5 ft. ins. long. 6-6 tons. 12-6 tons. 



2 x2 X f 


» 


» 


6 


j> 


6 n 


11 


2-3 


V -S-? 




I2 X ±2 X -j^ 


» 


» 


8 


V 


» 


» 


0-9 


/ 40 
" \ 2-8 




1 xl x^V 


u 


» 


6 


V 


6 M 


» 


0-6 


» 1-2 




1x1 'X-j\ 


» 


>? 


8 


» 


„ 


}> 


0-4 


( 1-2 


«« 



> 31 n 

> 4-Ot ») 

» 11-3 » 

> 15-2 » 



37. Also of the following flat-ended Angle irons : — 

Answer. Exp. 

(Christie). 
3|x3|x f in. iron 10 ft. 6 ins. long. 2*3 tons. 7*2 tons. 

2 x2 x-/^ 7j V 3 » 6 » » 7*3 ?» J10.7 

1 X 1 X -J- J? » 5 » » » 0*9 

3 x3 XyV n steel, 14 » 1 » » 1*3 
3 x3 XyV " " 7 ?? >) » 5-1 
2^x2ix i » » 3 »j 6 » J, 14-3 

38. What weight in tons per sq. in. may safely be placed 
on 3 in. X 3 in. X f in. L.I. struts, 6 ft. long and 8 ft. long ? 

Anstver, 2*0 and 1-10. 

39. Also on 3 ins. x 3 ins. x | in. T.l. struts? 

Answer, 2*2 and 1*25. 

40. Give the weight in tons that can safely be put on 
2^ in. x2^ in. x| in. L.I. struts 6 ft. long and 8 ft. long 
respectively, when the ends are fixed. 

Answer, 9*0 and 5*0. 

* American Society of Civil Engineers, vol. xiii. p. 85. 
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41. Find the breaking weight of a f m. x | in. x ^ in. L.L 
strut, if the ends are rounded, when 12 ins., 18 ins. and 24 
ins. long. 

12 ins. 18 ins. 24 ins. 

Answer 185 082 046 

C 2*30 
Exp. (author), Flat ends . . .\ o.qk 

Same pieces straight- C 2*35 
ened hot , . ( 215 

Ends rounded as with ( ^ ,p^ 

one rivet in one < 

member. . . ( 



1-70 


1-50 


1-60 


1-00 


1-60 


1-00 


1-30 


1-00 


0-95 


0-60 


0-92 


0-57 



NOTES ON THE EXAMPLES. 

CHAPTER IV. 

4. The extreme fibres are strained somewhat beyond the 
limit of elasticity. 
33. Jif=2-49 X 3-5 (Baker, 64). 
37. We may put «=20 for the flanges and 18 for the web. 

40. We may take the whole of the flange — viz., 4 ins. x 
i in. — as exposed to the tensile strain, and ^th of this area 
at the extreme end of the web as exposed to compression, 
and consider the remainder of the web as not strained at 
all. Thus we have 8 M= 6| (4 ins. x \ in.) -90 or = 39 (i x -90). 

41. Here we should take the whole of the web as exposed 
to tension, and we have 8 if =6^ (1*10 x -25) (-55 + -25). 

It seems in 40 that the whole of the flange does not quite 
give out the full unit strain, but in this case it appears, from 
the excess of the experiment over the result, that the flange 
does give out some resistance to the tensile strain. 

44. The neutral axis is 10 ins. from the top and M= 6*9 x 
10-8. 

4G. The neutral axis is '85 from the top of the web 

so M= -104 [-567 f -288], = -09. 

47. 8Jif=22(-21x-7) 

48. The neutral axis is 1*30 from the top of the web 

so M= -245 [555 + -867], = -35. 

49. If the whole of the flange is exposed to tension, a 
depth of 1*33 in. of the web will be exposed to compression. 
Hence approximately 

8 M= 22 (2 ins. x \ in.) [-125 + 1-085] = 22 x -6. 

60. We may take the bottom flange together with a certain 

9<i 



1. 
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depth X of the webs as exposed to the full strain of 7 tons 
per square inch. Thus we have 

and putting 2'3 for TT, we get aj=l'3. 

This gives a depth of about 2 ins. for which we have 
allowed no resistance, and from this we must infer that the 
portion of x nearest to the neutral axis does not give out 
the full strain of 7 tons ; but we do not know the exact 
tensile resistance of the metal, so cannot establish a theory. 

51. Here we have as before 

^ 7|25 3 93^o3 /43 7 \\ 
^=18t8 8 3-2-'^8^li6'l-2^;r 

whence a; =1*65. 

53. We have as in sec. 29 :— tan 6 =-=- and also= — . 

h na 

Hencee?„=?^na,.\2)=cZi+d3+...+cZ„=?^l + 2 + ...+n) 

~~ h 2 " h a 

Nowan=2and-=.^=;^. HenceZ>=^.j^i; = jg^^. 

56. The web may be neglected. The difference between 
the result and the experiment is probably due to the tensile 
resistance of the metal being greater than 7 tons, owing to 
the smallness of the casting. 

57. The whole of one flange and the web may be put as 
resisting the tensile strain, and ith their area at the extreme 
edge of the other flange as resisting the compressive strain, 
the rest of this flange being neglected. We have only taken 4 
of the 7 experiments, as in the other 3 the metal must have 
been of exceptional quality, and even in these it must have 
had a greater tensile resistance than 7 tons. 

66. From this point to the end the examples are all to be 
done by the formulae at the end of the chapter. 

67. The deflection would be too great. A span of 4 ft. 
should not be exceeded. 

H 
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14t, Two such timbers carried a heavy locomotive over this 
span.* 

78. Load 2 cwt. per square foot. 

84. Take c=2 for the red wood. By direct experiment the 
value of E was found to be '00125 for the pitch pine and 
•0026 for the red wood. The pressure applied was one ton 
per sq. in. which crushed the latter, but the former required 
two tons to crush it. The pieces tested were 60 ins. long 
and 10 ins. diam. 



CHAPTER v. I 



3. The line of thrust is very nearly on the limit of the 
middle third at the centre of the span, and may be taken as 
being on it. 

4. In No. 2 the line of thrust passes outside the middle 
third. Two bridges were built of these dimensions, and the 
No. 2 failed when the centres were slackened, the crown of 
the arch rising. The weight was, however, taken off the 
high side, and the centres forced upwards again by jacks. 
Spandril arches were then built on the high side, and the 
arch has since stood safely. 

7 and 8. An exact agreement with the answer in these 
cases is hardly to be expected. 

9. It will be found that— i— =3-9. 

11. In (a) the line of thrust diverges 1 ft. \\ ins. from the 
curve of the arch, and in (p) 9 ins. 

12. Here we have =3-9. 



i 



• 9 



2,y 






•0005 ^ ^ ^l 
13. We have H=36 x ^ x -_Ai±^ =1-15 

•0001 6 X 185 

15. Let a&, cd be two diameters of the ring at right angles 
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to each other, and let the strain act in the line of ab. 
First consider this as hinged at c and d, and let M be 

its moment of resistance. Then we have -^ -^= sM. Again 

consider it as hinged at a and 6, and we have — — =^8M 

once more. Hence we may consider half P sustained by the 

girder cad^ and half by the cantilevers aCy ad. Hence 

P cd 

-p-zr^ =8M, In addition to the bending moments at c and d, 

4 2 

a direct tensile strain has to be sustained. 

16. This is a common railway bridge. The pressure in 

(a) can be found in the following way : — Let p be the 

minimum strain per square inch, and p' +p the maximum. 

Then the total pressure P=p (22| x 12) +p' ^^^f^, 

and P. 121 =jp (22i x 12)lli +p' ^§iiLi?16. 

From the diagram of strains, P will be found to be about 
105 cwt. In (6), where the divergence is greatest, the pressure 
is 70 cwt. 

CHAPTER VI. 

2. These must have gained some support at the ends. 

10. We have r= ^7 ^^ ^^.Til^^^T ^S^^ = ^ (nearly), 

^ OTTf + 4(1^— J)x 1 m. 

the I in. being taken off for the rivets. 

11. We have /•=3 ins. one way, and a trifle more the 
other. 

12. We have r=4J^ nearly. 

18. For common sections, r is nearly the same in each 
case. 

14. Here r= -64. 

15. Here approximately ^2=2 x''^x|x23 ^^ ^ r='ll. 

3 ins. is the width of the flanges. 

16. r=(a) -5, (b) -64 (sideways), (c) -58, (d) -50. -flf being 
taken as '2 x 1*2 only, for the cross strain is not central. 
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100 STRUCTURAL MECHANICS, 

In the experiments there was some doubt as to the form 
of the ends. If they are considered as partly fixed, the 
difference between the theory and experiment will be con- 
siderably reduced. 

23. Take 24 tons as the load per pile instead of 15 which 
would be the actual load. 
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8vo, 4 J. 6^. each. [Gram, Hch, Class. 

Vol. I. Bucolics, Georgics, and Aeneid, Books I. •IV, 
Vol. II. Aeneid, Books V. -XII. 
Also the Bucolics and Georgics, in one vol. 3J. 
Or in 9 separate volumes {Grammar School C lassies , with Notes at foot of page) ^ 

price IS. (id, each. 
Bucolics; Georgics, I. and II., III. and IV.; Aeneid, I. and II., 
III. and IV. V. and VI., VII. and VIII., IX. and X.. XI. and XII. 
Or in 12 separate volumes {Cambridge Texts with Notes at etui), price 

is, 6d, each. 
Bucolics; Georgics, I. and II., III. and IV.; Aeneid, I. and II., 
III. and IV., V and VI. (price 2J.), VII , VIII., IX., X., XL, XII. 

— iSneid. Book I. Edited by rev. e. h. s. escott, m.a., A.ssistant 

Master at Dulwich College. With Illustrations. Pott 8vo. With or 
without Vocabulary, is. 6d. [Illustr, Classics, 

— ^neid. Books II. and 111. Edited by L. D. wainwright, m.a.. 

Assistant Master at St. Paul's School. With Illustrations. 2 vols. Pott 
8vo. With or without Vocabulary, i.f. 6d. each. [/liustr. Classics, 

— ^neid. Book IV. By A. s. warman, b.a., Assistant Master at Man- 

chester Grammar School. With Illustrations. Pott Svo. With or with- 
out Vocabulary, is. 6d. \_Illustr, Classics. 

— ^neid. Selections from Books VII. to XII. Edited by w. G. coast, b.a., 

Fettes College. With Illustrations. Pott Svo. With or without Voca- 
bulary, is. 6d, [Jllustr, Classics. 

XENOPHON : Anabasis. With Life, Itinerary, Index, and three Maps. 

Edited by the late j. F. macmichael. Revised edition, Fcap. Svo, 

3^' ^d, [Gram, Sch, Class* 

Or in 4 separate volumes ^ price is. 6d, each. 

Book I. (with Life, Introduction, Itinerary, and three Maps) — Books 

II. and IIL— Books IV. and V.— Books VI. and VIL 

— Anabasis, macmichael's Edition, revised by j. e. melhuish, m.a., 

Assistant Master at St. Paul's School. In 6 volumes, fcap. Svo. With 
Life, Itinerary, and Map to each volume, is, 6d. each. 

[Camd, Texts xvith Notes, 
Book L— Books II. and III.— Book IV.—Book V.— Book VI.— 
Book VI r. 

— Cyropaedia. Edited by G. M. gorham, M.A., late Fellow of Trinity. 

College, Cambridge. New edition. Fcap. Svo, 3^. e^/: [Gram. Sch, Class. 
Also Books I. and II., is. 6d. ; Books V. and VI., is, 6d. 

— Memorabilia. Edited by percival frost, m.a., late Fellow of St. 

John's CoUejje, Cambridge. Fcap. Svo, y. [Gram, Sch, Class, 

— HcUenica. Book I. Edited by L. d. dovvdall, m.a., r..D. Fcap. Svo, 

2J. ^ [Camb, Texts tvith Notes, 

— HcUenica. Book II. By l. d. dowdall, m.a., r».D. Fcap. Svo, zs, 

[Camb, Texts with Notes, 

TEXTS. 
AESCHYLUSi Ex novissima recension^ f. A- FAl-Ey, A,M-| ll.d. Fcap. 
pvo, 2 J. [Camb. Texts. 

A? 
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CAESAR De Bello Gallico. Recognovit G. long, a.m. Fcap. 8vo« 
IJ. 6df. \Camh, Texts. 

CATULLUS. A New Text, with Critical Notes and an Introduction, by 
J. P. POSTGATE, M.A., LITT.D., Fellow of Trinity College, Cambridge, 
Professor of Comparative Philology at the University of London. Wide 
fcap. 8vo, 3J. 

CICERO De Senectute et de Amicitia, et Epistolae Selectae. Recen- 
suit G. LONG, A.M. Fcap. 8vo, is. 6d, \Camb, Texts, 

CICERONIS Orationes in Verrem. Ex recensione G. long, a.m. 
Fcap. 8vo, 2J. 6cf, [Camb, Texts, 

CORPUS POETARUM LATINORUM, a se aliisque denuo recogni- 
torum et brevi leclionum variolate instructorum, edidit Johannes perci- 
VAL POSTGATE. Tom. I.— Ennius, Lucretius, Catullus, Iloratius, Vergilius, 
Tibullus, Propertius, Ovidius. Recogniti a L. muller, il a. j. munro, 

H. NETTLESHIP, J. GOW, E. IIILLER, G. M. EDWARDS, A. PALMER, G. A. 
DAVIES, S. G. OWEN, A. E. HOUSMAN, JOH. P. POSTGATE. Lai^e pOSt 

4to, 2is. net. Also in 2 Parts, sewed, 9^. each, net. 

»*^j To be completed in 4 parts, making 2 volumes. 
CORPUS POETARUM LATINORUNT. Edited by walker. Con- 
taining : — Catullus, Lucretius, Virgilius, Tibullus, Propertius, Ovidius, 
Horatius, Phaedrus, Lucanus, Persius, Juvenalis, Martialis, Sulpicia, 
Statins, Silius Italicus, Valerius Flaccus, Calpurnius Siculus, Ausonius, 
and Claudianus. I vol. 8vo, cloth, iSx. 
EURIPIDES. Ex recensione F. A. paley, A.M., LL.D. 3 vols. Fcap. 
8vo, 2J. each. \^Camb^ Texts, 

Vol. I. — Rhesus — Medea — Hippolytus — Alcestis — Heraclidae — Sup- 
plices — Troades. 

Vol. 1 1. — Ion — Helena — And romache — Electra— Bacchae — Hecuba. 

Vol. III. — Hercules Furens — Phoenissae — Orestes — Iphigenia in Tauris 
— Iphigenia in Aulide — Cyclops. 

HERODOTUS. Recensuit j. G. blakesley, 8.T.B. 2 vols. Fcap. 8vo, 
2J. 6d. each. [Camb, Texts, 

HOMERI I LIAS I. -XII. Ex novissima recensione F. A. paley, a.m., 
LL.D. Fcap. 8vo, is. 6d. [Camb, Texts, 

HORATIUS. Ex recensione A. J. macleane, A.M. Fcap. 8vo, is, 6d. 

[Camb, Texts, 

JUVENAL ET PERSIUS. Ex recensione A. j. macleane, a.m. 
Fcap. 8vo, is, 6d, [Camb, Texts, 

LUCRETIUS. Recognovit H. A. j. munro, a.M. Fcap. 8vo, 2s. 

[Camb, Texts, 
P. OVIDI NASONIS OPERA, ex Corpore Poetarum Latinorum a 

JOH. PERCIVAL POSTGATE edito, separatim typisimpressa. 3 vols. 2s, each. 
PROPERTIUS. Sex. Propertii Elegiarum Libri IV. recensuit A. 

PALMER, collegii sacrosanctae et individuae Trinitatis juxta Dublinum 

Socius. Fcap. 8vo, 3r. 6d, 
— Sexti Properti Carmina. Recognovit JOH. percival postgatb, 

Large post 4to, boards, y, 6d, net. 
SALLUSTI CRISPI CATILINA ET JUGURTHA. Recognovit 

G. LONG, A.M. Fcap. 8vo, IS, 6d, [Cavib, Texts, 

SOPHOCLES. Ex recensione F. a. paley, a.M.| lud. Fcap. 8vo, 25. 6d, 

[Camb 7€Xis. 
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TERENTI COMOEDIAE. GUL. wagner relegit et emendavit Fcap» 
8vo, 3f. • \Camb. Texts. 

THUCYDIDES. Recensuit J. G. Donaldson, s.t.p. a vols. Fcap. 
8vo, 2f. each. \Cafnb* Texts. 

VERGILIUS. Ex recensione j. conington, a.m. Fcap. 8vo» 2j. 

\Camb, Texts* 

XENOPHONTIS EXPEDITIO CYRI. Recensuit j. F. macmichael. 
A.B. Fcap. 8yo, is, 6d, [Comb. Texts. 

TRANSLATIONS. 

AESCHYLUS, The Tragedies of. Translated into English verse by 
ANNA SWANWICK. 4/^ edition revised. Small post 8vo, 5^. 

— The Tragedies of. Literally translated into Prose, by t. a. buckley, b. A. 

Small post 8vo, y, 6d. 

— The Tragedies of. Translated by WALTER headlam, m.a., Fellow of 

King's College, Cambridge. [Preparing, 

ANTONINUS (M. Aurelius), The Thoughts of. Translated by 
GEORGE LONG, M.A. Bevised edition. Small post 8vo, 3^. 6d, 
Fine paper edition on handmade paper. Pott 8vo, 6s. 

APOLLONIUS RHODIUS. The Argonautica. Translated by B. P. 
COLERIDGE, 6. A. Small post 8vo, 5^. 

APPIAN, The Roman History of. Translated by HORACE white, 
M.A., LL.D. With Maps and Illustrations. 2 vols., hs. each. 

AMMIANUS MARCELLINUS. History of Rome during the 
Reigns of Constantius, Julian, Jovianus, Valentinian, and Valens. Trans- 
lated by PROF. G. D. yonge; m.a. Small post 8vo, ^s. 6d. 

ARISTOPHANES, The Comedies of. Literally translated by W. }» 
HICKIE. With Portrait. 2 vols. Small post 8vo, 5^. each. 
Vol. I. — Achamians, Knights, Clouds, Wasps, Peace, and Birds. 
Vol. II. — Lysistrata, Thesmophoriazusae, Frogs, Ecclesiazusae, and 
Plutus. 

— The Achamians. Translated by w. H. covington, b.a. With Memoir 

and Introduction. Crown 8vo, sewed, is. 

— The Plutus. Translatedby M. T. quinn, m.a., Lond. Cr. 8vo, sewed, ix, 
ARISTOTLE on the Athenian Constitution. Translated, with Notes 

and Introduction, by F. G. KENYON, M.A. Pott 8vo. 2nd edition. 
4f . 6d. 
-^ History of Animals. Translated by richard cresswell, m.a. Small 
post 8vo, 5J. 

— Organon : or. Logical Treatises, and the Introduction of Porphyry. Trans- 

lated by the REV. o. F. OWEN, M.A. 2 vols. Small post 8vo, 3J. 6d. 
each. 

— Rhetoric and Poetics. Literally Translated, with Hobbes* Analysis, &c., 

by T. BUCKLEY, B.A. Small post 8vo, 55. 

— Nicomachean Ethics. Translated by the Ven. archdeacon brownb, 

late Classical Professor of King's College. Small post 8vo, 5^. 
— . Politics and Economics. Translated by E. walford, m.a. Small post 
8vo, 5j. 

— Metaphysics. Translated by the REV. JOHN H. m'mahon, m.A. Small 

post 8vo, 5^. 
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ARRIAN. Anabasis of Alexander, together with the Indica. Trans- 
lated by X. J. CHiNNOCK, M.A., LL.D. With Introduction, Notes, Maps» 
and Plans. Small post 8vo, 5^. 

CAESAR. Commentaries. Translated by w. A. m'devittb, B.A. Small 
post 8vo, 5^. 

— Gallic War. Translated by w. A. m'devitte, b.a. 2 vols., with Memoir 

and Map. Cr. 8vo, sewed. Books I. to IV., Books V. to VII., is. eachu 

CALPURNIUS SICULUS, The Eclogues of. The Latin Text, with 
English Translation by E. j. L. scoTT, m.a. Crown 8vo, y. 6d, 

CATULLUS, TIBULLUS, and the Vigil of Venus. Prose Translation. 

Small post 8vo, 55. 
CICERO, The Orations of. Translated by prof. c. d. yonge, M.A. 

With Index. 4 vols. Small post 8vo, 5^. each. 

— The Letters of. Translated by evelyn s. shuckburgh, m.a. 4 vols. 

Small post 8vo. 5j. each. [ Vols. 1\ and 11. shortly , 

i— On Oratory and Orators. With Letters to Quintus and Brutus. Trans- 
lated by the rev. j. s. watson, m.a. Small post 8vo, 5^. 

— On the Nature of the Gods. Divination, Fate, Laws, a Republic, 

Consulship. Translated by prof, c d. yonge, M.A., and Francis 
BARHAM. Small post 8vo, 5^. 

— Academics, De Finibus, and Tusculan Questions. By prof. c. d. 

yonge, m.a. Small post 8vo, 5^. 

— Offices ; or. Moral Duties. Cato Major, an Essay on Old Age ; Laelius, 

an Essay on Friendship ; Scipio's Dream ; Paradoxes ; Letter to Quintus 
on Magistrates. Translated by c. R. edmonds. With Portrait^ 3r. 6^. 

— Old Age and Friendship. Translated, with Memoir and Notes, by 

G. H. wells, m.a. Crown 8vo, sewed,* ij. 

DEMOSTHENES, The Orations of. Translated by c. RANN KENNEDY. 
5 vols. Small post 8vo. 
Vol. I. — The Olynthiacs, Philippics. 3^. 61/. 
Vol. II. — On the Crown and on the Embassy. 5^. 
Vol. III. — Against Leptines, Midias, Androtion, and Aristocrates. 5j. 
Vols. IV. and V. — Private and Miscellaneous Orations. 5j. each. 

— On the Crown. Translated by c rann Kennedy. Crown 8vo, 

sewed, ix. 

DIOGENES LAERTIUS. Translated by prof. c. d. yonge, m.a. 

Small post 8vo, 5^. 
EPICTETUS, The Discourses of. With the Encheiridion and 

Fragments. Translated by George long, m.a. Small post 8vo, 5r. 
Fine Paper Edition, 2 vols. Pott 8vo, lox. (xi. 

EURIPIDES. A Prose Translation, from the Text of Paley. By 
£. P. COLERIDGE, B.A. 2 vols., 5^. each. 

Vol. I. — Rhesus, Medea, Hippolytus, Alcestis, Heraclidae, Supplices, 
Troades, Ion, Helena. 

Vol. II. — Andromache, Electra, Bacchae, Hecuba, Hercules Furens, 
Phoenissae, Orestes, Iphigenia in Tauris, Iphigenia in Aulis, Cyclops. 

^^ The plays separately (except Rhesus, Helena, Electra, Iphigenia in 
Aulis, and Cyclops). Crown 8vo, sewed, \s, each. 

GREEK ANTHOLOQY. Traosldted b7 qsorgs su&gics, icA. S^naP 

post 8vo, 5j. 
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HERODOTUS. Translated by the rev. henry cary, m.a. Small post 

— Analysis and Nummary of. By J. T. wheeler. Small post 8vo, 5^. 
HESIOD, CALLIMACHUS, and THEOQNIS. Translated by the 

REV. J. BANKS, M.A. Small post 8vo, 5x. 

HOMER. The Iliad. Translated by 't. At Buckley, B.A. Small post 
8vo, Cf. 

— The Odyssey, Hvmns, Epigrams, and Battle of the Frogs and 

Mice. Translated by T. A. buckley, b.a. Small post 8vo, 5j. 
HORACE. A New Prose Translation by A. Hamilton bryce, ll.d. 
With Memoir and Introduction. Small post 8vo. 3j. 6df. 
Also in 4 vols. Crown 8vo, sewed, \s. each. 

— The Odes and Carmen Saeculare. Translated into English Verse by 

the late JOHN CONINGTON, M.A. wth edition, Fcap. 8vo. y. dd. 

— The Satires and Epistles. Translated into English Verse by the late 

JOHN CONINGTON, M.A. 8M edition, Fcap. 8vo, 3J. dd, 
-» Odes and Epodes. Translated by sir Stephen b. db vere, bart. 
yd edition^ enlarged. Imperial i6rao. 7^. dd, net. 

ISOCRATES, The Orations of. Translated by j. H. freese, m.a., late 

Fellow of St. John's College, Cambridge Vol. I. Small post 8vo, 5x. 
JUSTIN, CORNELIUS NEPOS, and EUTROPIUS. TransUted 

by the rev. j. s. watson, m.a. Small post 8vo, y, 
JUVENAL, PERSIUS, SULPICIA, and LUCILIUS. Translated 

by L. EVANS, M.A. Small post 8vo, 5^. 
LIVY. The History of Rome. Translated by dr. spillan, c. bdmonds, 

and others. 4 vols. Small post 8vo, 5^. each. 
•— Books I., XL, III., IV. A Revised Translation by j. H. freese, M.A. 

"With Memoir, and Maps. 4 vols. Crown 8vo, sewed, \s, each. 
»— Book V. and Book VI. A Revised Translation by E . s. weymouth, 

M.A., Lond. With Memoir, and Maps. Crown 8vo, sewed, \s, each. 
•» Book IX. Translated by francis storr, b.a. With Memoir. Crown 

8vo, sewed, \s, 

— Book XXI. Translated by j. Bernard baker, m.a. Crown 8vo, sewed, 

is, {Sliortly, 

LUCAN. The Pharsalia. Translated into Prose by H. T. riley, m.a. 

Small post 8vo, 51. 
-" The Pharsalia. Book I. Translated bv Frederick con way, m.a. 

With Memoir and Introduction. Crown 8vo, sewed, \s, 
LUCIAN'S Dialogues of the Gods, of the Sea-Gods, and of the 

Dead. Translated by Howard Williams, m.a. Small post 8vo, ^s, 

LUCRETIUS. Translated by the REV. j. s. watson, m. a. Small postSvo, 5/. 

— Literally trans, by the late H. A. J. MUNRO, M.A. /^h edition, Demy8vo, 6f« 
MARTIAL'S Epigrams, complete. Small post 8vo, 7^. dd, 

bVID, The Works of. Translated. 3 vols. Small post 8vo, 5^. each. 
Vol. I. — Fasti, Tristia, Pontic Epistles, Ibis, and Halieutieon. 
VoL II. — Metamorphoses. With Frontispiece, 

Vol. III. — Ileroides, Amours, Art of Love, Remedy of Love, an4 
Minor Pieces. With Frontispiece, 

— Fasti. Translated by H. T. riley, m.a. 3 vols. Crown 8vo, sewed, u. cacht 
•» Tristia. Translated by a. t. uley, m.a. Crown Svo, sewed, z/. 
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PINDAR. Translated by dawson w. turner. Small post 8vo, 5^. . 

PLATO. Qorgias. Translated by the late X. M. cope, m.a., Fellow 
of Trinity College. 2nd edition, 8vo, 7j. 

— The Works of. Translated, with Introduction and Notes. 6 vols. Small 

post 8vo, 5^. each. 

Vol. I. — The Apology of Socrates — Crito — Phaedo—Gorgias— Prota- 
goras — ^Phaedrus — Theaetetus — Eutyphron — Lysis. Translated by the 

REV. H. GARY. 

Vol. XL— The Republic— Timaeus—Critias. Trans, by henry davis. 

VoL III. — Meno — Euthydemus — The Sophist — ^Statesman — Cratylas 
— Parmenides — The Banquet. Translated by G. burges. 

Vol. IV. — Philebus — Charmides — Laches — Menexenus — Hippias — Ion 
—The Two Alcibiades— Theages — Rivals — Hipparchus — Minos — CU- 
topho — Epistles. Translated by G. burges. 

Vol. V. — The Laws. Translated by G. BURGES. 

Vol. VI.— The Doubtful Works. Edited by G. burges. With General 
Index to the six volumes. 

— Apology, Crito, Phaedo, and Protagoras. Translated by the rev. h, 

GARY. Small post 8vo, sewed, u., cloth, u. 6</. 
»- Dialogues. A Summary and Analysis of. With Analytical Index. By 
A. DAY, LL.D. Small post 8vo, 5j. 

PLAUTUS, The Comedies of. Translated by H. T. riley, m.A. 2 volsh 
Small post 8vo, 5^* each. 

Vol. I.r— Trinummus — ^Miles Gloriosus — Bacchides — Stichus — Pseudolus 
— Menaechmei — Aulularia — Captivi — Asinaria — Curculio. 

Vol. II. — Amphitryon — Rudens — Mercator — Cistellaria— Truculentus 
— Persa — Casina — Poenulus — Epidicus — Mostellaria — Fragments. 

— Trinummus, Menaechmei, Aulularia, and Captivi. Translated 

by H. T. RILEY, M.A. Small post 8vo, sewed, u., cloth, u. 6^ 
PLINY. The Letters of Pliny the Younger. Melmoth's Translation, 

revised, by the rev. f. c. t. bosanquet, m.a. Small post 8vo, 5^. 
PLUTARCH. Lives. Translated by a. Stewart, m.a., and georgb 

LONG, M.A. 4 vols. Small post 8vo, 3J. 6</. each. 
>- Morals. Theosophical Essays. Translated by c. w. king, m.a., late 

Fellow of Trinity College, Cambridge. Small post 8vo, 5j. 

— Morals. Ethical Essays. Translated by the rev. A. R. shilleto, m.a. 

Small post 8vo, 5^. 
PROPERTIUS. Translated by REV. P. J. F. GANTILLON, M.A., and 
accompanied by Poetical Versions, from various sources. Sm. post 8 vo, 3^. 6^ 

QUINTILIAN : Institutes of Oratory, or. Education of an Orator. 
Trans, by the rev. j. s. watson, m.a. 2 vols. Small post 8vo, fj. each, 

SALLUST, FLORUS, and VELLEIUS PATERCULUS. Trans- 
lated by J. s. WATSON, m.a. Small post 8vo, 5j. 

SENECA: On Benefits. Translated by A. stewart, m.a., late Fellowr 
of Trinity College, Cambridge. Small post 8vo, 3j. (id, 

— Minor Essays and On Clemency. Translated by A. stewart, m.a^ 

Small post 8vo, 5j. 

Sophocles. Translated, with Memoir, Notes, etc., by E. P. COLSRIDOSi 
B.A. Small post 8vo, 5 J. 
Or the plays separately, crown Sy0| sewedi \s% cadii 



Edtuatiojtal Catalogue. 1 5 

SOPHOCLES— ^^/{/fVf«^£/. 

— The Tragedies of. The Oxford Translation, with Notes, Arguments, 

and Introduction. Small post 8vo, 5j. 
SUETONIUS. Lives of the Twelve Caesars and Lives of the 
Grammarians^ Thomson's revised Ti-anslation, by T. forester. Small 
post 8vo, 5j. 
TAcITUS, The Works of. Translated, with Notes and Index. 2 vols. 
Small post 8vo, 55*. each. 
Vol. I. — The Annals. 
Vol. II. — The History, Germania, Agricola, Oratory, and Index. 

TERENCE and PHAEDRUS. Translated by H. T. riley, m.a. Small 

post 8vo, 5j. 
THEOCRITUS, BION, MOSCHUS, and TYRTAEUS. Translated 

by the rev. j. banks, m.a. Small post 8vo, 5j. 
THEOCRITUS. Translated into English Verse by C. S. CALVERLEY, 

M. A. New edition. Crown 8vo, 5^. 
THUCYDIDES. The Pcloponnesian War. Translated by the rev. h. 

DALE. With Porirait. 2 vols., 3J. 6d, each. 

— Book VI. and Book VII. Translated by E. c. M Archant, m.a. is, each. 

[In the Press, 

— Analysis and Summary of. By j. T. wheeler. Small post 8vo, 5^. 

VIRGIL. Translated by A. Hamilton bryce, ll.d. With Memoir and 
Introduction. Small post Svo, 3^. 6^. 

Also in 6 vols. Crown Svo, sewed, is, each. 
XENOPHON. The Works of. In '3 vols. Small post Svo, 5^. each. 

Vol. I. — ^^The Anabasis, and Memorabilia. Translated by the rev. j. s. 
WATSON, m.a. With a Geographical Commentary, by w. F. ains worth, 
r.s.A., F.R.G.S., etc 

Vol. II. — Cyropaedia and Hellenics. Translated by the REV. J. s. 
WATSON, M.A., and the rev. h. dale. 

Vol. III. — The Minor Works. Translated by the rev. j. s. 

WATSON, M.A. 

— Anabasis. Translated by the rev. j. s. WATSON, m.a. With Memoir 

and Map. 3 vols. 
-* Hellenics. Books L and II. Translated by the rev. h. dale, »t.A. 
With Memoir. 



8ABRINAE COROLLA In Hortulis Reggae Scholae Salopiensis con- 
texuerunt tres viri floribus legendis. 4/il ediiiony revised and re-arranged. 
By the late benjamin hall Kennedy, d.d., Regius Professor of Greek 
at the University of Cambridge. Large post 8vo, \os, 6d, 

SERTUM CARTHUSIANUM Floribus trium Seculorum Contextunu 
Cura oulielmi haig BROWN, Scholae Carthusianae Archididascali* 
Demy Svo, 5j. 

TRANSLATIONS into English and Latin. By c. s. calverley, m.a., 
late Fellow of Christ's College, Cambridge, ^h edition. Crown Svo, $s, 

TRANSLATIONS from and into the Latin, Greek and English. By 
R. c. JEBB, Li'iT.D., M.P., Regius Professor of Greek in the University of 
Cambridge, H. JACKSON, M.A., litt. d.. Fellows of Trinity College, Cam- 
bridge, and w. E. currey, M.A., formerly FeUow of Trli^i^y College, 
Cambridge. Crown Svo. yd edition, y. 
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GRAMMAR AND COMPOSITION. 

BADDELEY. Auxilia Latina. A Series of Progressive Latin Exercises. 
By M. J. B. BADDELEY, M.A. Fcap. 8vo. Part I., Accidence, ^k 
edition, 2s, Part II. yk edition, zs. Key to Part II. 2s, 6d, 

BAIRD. Greek Verbs. A Catalogue of Verbs, Irregular and Defective 5 
their leading formations, tenses in use, and dialectic inflexions, with a 
copious Appendix, containing Paradigms for conjugation, Rules for 
formation of tenses, &c., &c. By j. s. UAIRD, T.CD. ^€w edition, re- 
vised. 25. 6d, 

— Homeric Dialect. Its Leading Forms and Peculiarities. By j. s. baird^ 

T.CD. New edition, revised. By the rev. w. gun ion RUTHERFORD, 
M.A., LL.D., Head Master at Westminster School, is. 
BAKER. Latin Prose for London Students. By Arthur baker, 
M.A., Classical Master, Independent College, Taunton. Fcap. 8vo, 2s. 

BARRY. Notes on Greek Accents, By the right rev. a. barry, 

D.D. New edition, re-written, is. 
BECKWITH. Satura Grammatica. A Collection of Latin Critical 

Notes and Hints for Army Students. By E. G. beckwith, b.a. Fcap. 

8vo. 2s, 6d. 
BELL'S ILLUSTRATED LATIN READERS. Edited by e. a 

march ANT, M.A. 

I. Scalae Imae. A Selection of Simple Stories for Translation into 
English. With Vocabulary. By j. G. spencer, b.a. 

II. Scalae Mediae. Short Extracts from Eutropius and Caesar, 
Graduated in Difficulty. "With Vocabulary. By PERCY A. underhill, 

M.A. 

III. Scalae Tertiae. Selections in Prose and Verse from Caesar, 
Nepos, Phaedrus, and Ovid, Graduated in Difficulty. With Vocabulary. 

By PERCY A. UNDERHILL, M.A. 

CHURCH, Latin Prose Lessons. By A. j. church, m.a., Professor of 

Latin at University College, London, gth edition. Fcap. 8vo, 2s, 6d. 
CLAPIN. Latin Primer. By the rev. a. c. clapin, m.a., Assistant 

Master at Sherborne School. 4//^ edition. Fcap. 8vo, is. 
COLERIDGE. Res Romanae. Being aids to the History, Geology, 

Archoeology, and Literature of Ancient Rome, for less advanced Scholars. 

By E. P. COLERIDGE, B.A. With 3 maps, yd edition. Crown 8vo, 2j. 6/, 

— Res Graecae. Being aids to the study of the History, Geography, 

Archaeology, and Literature of Ancient Athens. By E. p. coleridge, b. a. 
With 5 maps, 7 plans, and numerous other illustrations. Crown 8vo, 5j. 

COLLINS. Latin Exercises and Grammar Papers. By t. colli ns, 
M.A., Head Master of the Latin School, Newport, Salop. %th edition* 
Fcap. 8vo, 2s. 6d. 

•— Unseen Papers in Latin Prose and Verse. With Examination Questions. 

8M edition. Fcap. 8vo, 2s, 6d. 
.— Unseen Papers in Greek Prose and Verse. With Examination Ques- 
tions. $th edition. Fcap. 8vo, 3J. 

— Easy Translations from Nepos, Caesar, Cicero, Livy, &c., for Retrans- 

lation into Latin. With Notes. 2s. 
COMPTON. Rudiments of Attic Construction and Idiom. By the 
REV. w. cook WORTHY COMPTON, M,A.| Head Master of Dover College. 
Crown 8vo, y. 
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FROST. Eclogae Latinae; or, First Latin Reading Book. With Notes 
and Vocabulary by the late rev. p. frost, m.a. Fcap. Svo, is. 6d, 

— Analecta Graeca Minora. With Notes and Dictionary. New edition. 

Fcap. 8vo, 2x. 

— Materials for Latin Prose Composition. By the late rev. p. frost« 

M.A. New edition. Fcap. 8vo, 2x. Key. 4j.net. 

— A Latin Verse Book. New edition, Fcap. 8vo, 2j. Key. 5^. net. 
"— Greek Accidence. New edition, is* 

— Latin Accidence, ix. 

HARKNESS. A Latin Grammar. By albert harkness. PostSvo, 6f. 
KEY. A Latin Grammar. By the late T. H. key, m.a., f.r.s. dtk thou* 
sand. Post Svo, 8j. 

— A Short Latin Grammar for Schools. 16M edition. Post Svo, 3^. 6^/. 
HOLDEN. Foliorum Silvula. Part I. Passages for Translation into 

Latin Elegiac and Heroic Verse. By H. A. holden, ll.d. wth edition. 
Post Svo, 7J. dd. 

— Foliorum Silvula. Part II. Select Passages for Translation into Latin 

Lyric and Comic Iambic Verse, yd edition. Post Svo, 5^. 

— Foliorum Centuriae. Select Passages for Translation into Latin and 

Greek Prose, loth edition. Post Svo, Sj. 

JEBB, JACKSON, and CURREY. Extracts for Translation in 
Greek, Latin, and English. By R. c. jebb, litt.d., m.p., Regius Pro- 
fessor of Greek in the University of Cambridge ; H. JACKSON, litt.d., 
Fellow of Trinity College, Cambridge ; and w. E. CURREY, M.A., late 
Fellow of Trinity College, Cambridge. Crown Svo, 2J. 6^. 

MASON. Analytical Latin Exercises By c. P. mason, b.a. t^th 
edition. Part I., \s. 6d, Part II., 2s. 6d, 

— The Analysis of Sentences Applied to Latin. Post Svo, is. 6d, 
NETTLE SHIP. Passages for Translation into Latin Prose. With 

Introductory Essays. By H. nettleship, m.a., late Corpus Professor of 

Latin in the University of Oxford. Crown Svo, 31. A Key, 4^. 6d. net. 
Notabilia Quaedam ; or the Principal Tenses of most of the Irregular 

Greek Verbs, and Elementary Greek, Latin, and French Constructions. 

New edition, is. 
PALEY. Greek Particles and their Combinations according to Attic 

Usage. A Short Treatise. By F. a. paley, m.a., ll.d. 2j. 6d. 
PENROSE. Latin Elegiac Verse, Easy Exercises in. By the rev. j. 

PENROSE. New edition, 2s, (Key, y. 6d. net. ) 
PRESTON. Greek Verse Composition. By G. preston, m.a. 5M 

edition. Crown Svo, 4^. 6d. 
PRUEN. Latin Examination Papers. Comprising Lower, Middle, and 

Upper School Papers, and a number of the Woolwich and Sandhurst 

Standards. By G. G. pruen, m.a.. Senior Classical Master in the Modern 

Department, Cheltenham College. Crown Svo, 2s, 6d, 
SEAGER. Faciliora. An Elementary Latin Book on a New Principle. 

By the REV. J. L. seager, m.a. 2s. 6d. 
STEDM AN (A. M. M.). First Latin Lessons. By a. m. m. stedman, 

M. A., Wad ham College, Oxford, yd edition. Crown Svo, 2j. 

— Initia Latin a. Easy Lessons on Elementary Accidence. 2nd edition, 

Fcap. Svo, IS, 
V— First Latin Reader. With Notes adapted to the Shorter Latin Primer 
zfii^ Vocabulary* yd edition. Crown Svo, is. 6d^ 

A3 
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6TEDMAN (A. M. l/i,)^<oniinued. 

^ Easy Latin Passages for Unseen Translation, yd and enlarged 
edition, Fcap. 8vo, is. 6d, 

— Exempla Latina. First Exercises in Latin Accidence, With Vocabu- 

lary. Crown 8yo, is, 
^ The Latin Compound Sentence ; Rules and Exercises. Crown 8vo, 

IS. 6d. With Vocabulary, 2s. 
•^ Easy Latin Exercises on the Syntax of the Shorter and Revised Latin 

Primers. With Vocabulary, tih edition. Crown 8vo, 25, 6d. 

— Latin Examination Papers in Miscellaneous Grammar and Idioms. 

5M edition. 2s. 6d. Key (for Tutors only). 2nd edition. 6s. net. 

— Notanda Quae dam. Miscellaneous Latin Exercises, dn Common 

Rules and Idioms, yd edition. Fcap. Svo, is. 6d. With Vocabulary, 2 j. 
•— Latin Vocabularies for Repetition. Arranged according to Subjects. 

5//4 edition. Fcap. 8vo, is. 6d. 
•» Steps to Greek. i2mo, is. 

— Easy Greek Passages for Unseen Translation. Fcap. 8vo, is. 6d. 

— Easy Greek Exercises on Elementary Syntax. [In preparation, 

— Greek Vocabularies for Repetition. 2nd edition. Fcap. 8vo, is. 6d. 

— Greek Testament Selections for the Use of Schools, yd edition. 

With Introduction, Notes, and Vocabulaiy. Fcap. 8vo, 2s, 6d. 

— Greek Examination Papers in Miscellaneous Grammar and Idioms. 

yd edition. 2s. 6d. Key (for Tutors only), 6s. net. 
THACKERAY. Anthologia Graeca. A Selection of Greek Poetry, 
with Notes. By rev. f. st. john thackeray. yt/t edition. i6mo, 4s. 6d, 

— Anthologia Latina. A Selection of Latin Poetry, from Naevius to 

Boethius, with Notes. St A edition. i6mo, 4s. 6d. 

— Hints and Cautions on Attic Greek Prose Composition. Crown 

8vo, y 6d. 

— Exercises on the Irregular and Defective Greek Verbs, is. 6d. 
WELLS. First Exercises in Latin Prose. By e. a. wells, m.a., 

Highfield School, Southampton. [/« t/ie Press, 

WELLS. Tales for Latin Prose Composition. With Notes and 
Vocabulary. By G. H. wells, M.A., Assistant Master at Merchant 
Taylors' School. Fcap. 8vo, 2s, 



HISTORY, GEOGRAPHY, AND REFERENCE BOOKS, 

ETC. 

TEUFFEL'S History of Roman Literature. 5/A edition, revised by 
DR. SCHWABE, translated by professor g. c w. warr, m.a.. King's 
College, London. Medium 8vo. 2 vols. 30J. VoL L (The Republican 
Period), i^s. Vol. II. (The Imperial Period), i^s. 

KEIGHTLEY'S Mythology of Ancient Greece and Italy. 4/A edition^ 
revised by the late leonhard schmitz, ph.d., ll.d.. Classical Examiner 
to the University of London. With 12 Plates. Post 8vo, ^s. 

DONALDSON'S Theatre of the Greeks, loth edition. Post 8vo, y, 

DICTIONARY OF LATIN AND GREEK QUOTATIONS; in- 
eluding Proverbs, Maxims, Mottoes, Law Terms and Phrases. With 
English Translations. With Index Verborum. Small post 8vo, 5^. 
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PAUSANIAS' Description of Greece. Newly translated, with Notes 

and Index, by A. R. sHilleto, m.a. % vols. Small post 8vo, 5^. each. 
AN ATLAS OP CLASSICAL GEOGRAPHY. By w. hughes and 

G. LONG, M.A4 Containing Ten selected Maps. Imp. 8vo, 3J. 
AN ATLAS OF CLASSICAL GEOGRAPHY. Twenty-four Maps 

by w. HUGHES and georgb long, m.a. With coloured outlines. 

Imperial 8vo, 6f. 



MATHEMATICS. 

ARITHMETIC AND ALGEBRA. 

BARRACLOUGH (T.). The Eclipse Mental Arithmetic. By titus 
BARRACLOUGH, Board School, Halifax. Standards I., II., and III., 
sewed, 6^. ; Standards II., III., and IV., sewed, 6^. net ; Book III., 
Part A, sewed, 4</. ; Book III., Part B, cloth, u. 6^. 

BEARD (W. S.). Graduated Exercises in Addition (Simple and Com- 
pound). For Candidates for Commercial Certificates and Civil Service 
appointments. By w. s. beard, f.r.g.s., Head Master of the Modem 
School, Fareham. '^rd edition, Fcap. 4to, is. 

— See PENDLEBURY. 

ELSEE (C). Arithmetic. By the REV. c. elsee, m.a., late Fellow of 
St. John's College, Cambridge, Senior Mathematical Master at Rugby 
School. 15M edition, Fcap. 8vo, 3.r. dd, [Camd, School and College Texts* 

— Algebra. By the rev. c. elsee, m.a. 8/>4 edition, Fcap. 8vo, 4f. 

[Camb, S. and C. Texts. 

FILIPOWSKI (H. E.). Anti- Logarithms, A Table at By H. e. 
FILIPOWSKI. ^rd edition. 8vo, i$s, 

GOUDIE (W. P.). See Watson. 

HATHORNTHWAITE (J. T.). Elementary Algebra for Indian 
Schools. By j. T. hathornthwaite, m.a., Principal and Professor 
of Mathematics at Elphinstone College, Bombay. Crown 8vo, 2s, 

MACMICHAEL (W. F.) and PROWDE SMITH (R.). Algebra. 
A Progressive Course of Examples. By the rev. w. f. macmichael, 
and R. PROWDE smith, m.a. 5M edition, Fcap. 8vo, 3J. 6d, With 
answers, 4s. 6d. [Camb, S. and C, Texts. 

MATHEWS (G. B.). Theory of Numbers. An account of the Theories 
of Congruencies and of Arithmetical Forms. By G. B. mathews, m.a., 
Professor of Mathematics in the University College of North Wales. 
Part I. Demy 8vo, 12s, 

MOORE (B. T.). Elementary Treatise on Mensuration. By B. t. 
MOORE, M.A., Fellow of Pembroke College, Cambridge. 2nd edition^ 
revised, 3J. 6^. 

PENDLEBURY (C). Arithmetic. With Examination Papers and 
8,000 Examples. By Charles pendlebury, m.a., f.r.a.s.. Senior 
Mathematical Master of St. Paul's. \2th edition. Crown 8vo. Com- 
plete, with or without Answers, 4J. dd. In Two Parts, with or without 
Answers, 25, 6d. each. 
jCey to Part II. 2nd edition, Js, 6d. net. [Camb, Math, Ser. 
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PENDLEBURY {C.)^c0ntmued. 

— Examples in Arithmetic. Extracted from Pendlebnry*s Arithmetic 

With or without Answers. iQih edition. Crown 8vo, 31., or in Two Parts, 
i.r. 6d. and 2s, [Camb, Math, Ser, 

•» Examination Papers in Arithmetic. Consisting of 140 papers, each 
containing 7 questions ; and a collection of 357 more difficult problems. 
5M edition. Crown 8vo, 2s, 6d, Key, for Tutors only, 5j. net. 

PENDLEBURY (C.) and BEARD (W. S.). Shilling Arithmetic. 

By CHARLES PENDLEBURY, M. A., and W. S. BEARD, F.R.G.S. 2nd edition. 

Crown 8vo. Without Answers, is. With Answers, is, ^ Answers 
separately, 6d, 

— Commercial Arithmetic. 2nd edition. Crown 8vo. 2s, 6d, 

— Elementary Arithmetic. 5/^ edition. Crown 8vo, is, 6d, 

— Graduated Arithmetic, for Junior and Private Schools. In Seven Parts, 

in stiff canvas covers. Parts I., II., and III., 3^. each; Parts IV., V., 
and VI., ^d, each ; Part VII., 6d, Answers to Parts I. and II., 4^/. ; Parts 
III.-VII., 4^. each. 
-^ Arithmetic jfor the Standards. Standards I., II., III., sewed, 2d. each, 
cloth, 3^. each; IV., V., VI., sewed, ^d. each, cloth, 4^. each; VII., 
cloth, 6d, Answers to I. and II., 4//., III.-VII., 4^. each. 

— Long Tots and Cross Tots, Simple and Compound. Paper cover, 2^., 

cloth, 3</. Answers, 4^. 

PENDLEBURY (C.) and TAIT (T. S.). Arithmetic for Indian 
Schools. By c. pendlebury, m.a., and T. s. tait, m.a., b.sc.. 
Principal of Baroda College, ^rd eait, Cr. 8vo, 3J. [Camd, Math, Ser, 

POPE (L. J.). Lessons in Elementary Algebra. By l. j. pope, b.a. 
(Lond. ), Assistant Master at the Oratory School, Birmingham. First Series, 
up to and including Simple Equations and Problems. Crown 8vo, is, 6d, 

PROWDE SMITH (R.). See Macmichael. 

SHAW (S. J. D;). Arithmetic Papers. Set in the Cambridge Higher 
Local Examination, from June, 1869, to June, 1887, inclusive, reprinted 
by permission of the Syndicate. By s. j. D. shaw, Mathematical 
Lecturer of Newnham College. Crown 8vo, 2s, 6d, ; Key, 4J. 6d, net, 

TAIT (T. S.). See Pendlebury. 

WATSON (].) and GOUDIE (W. P.). Arithmetic. A Progressive 
Course of Examples. With Answers. By j. watson, m.a., Corpus 
Christi College, Cambridge, formerly Senior Mathematical Master of the 
Ordnance School, Carshalton. Jth edition, revised and enlarged. By w. 
P. GOUDIE, B.A. Lond. Fcap. 8vo, 2s, 6d, [Camb, S, and C, J'exts, 

WHITWORTH (W. A.). Choice and Chance. An Elementary 
Treatise on Permutations, Combinations, and Probability, with 640 Exer- 
cises and Answers. By w. A. whitworth, m.a., late Fellow of St. 
John's College, Cambridge. 4/A edition, revised and enlarged. Crown 
8vo, 6j. \Camb. Math, Ser, 

— DCC. Exercises, including Hints for the Solution of all the Questions in 

''Choice and Chance." Crown 8vo, 6j. [Camb, Math, Ser, 

WRIGLEY (A.) Arithmetic. By a. wrigley, m.a., St. John's College. 
Fcao. 8vo, 35. 6d, [Catnb, S, ani Q, Text^, 
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BOOK-KEEPING. 

FOSTER (B. W.)* Double Entry Elucidated. By B. W. Poster. 
i/^k edition, Fcap. 4to, 3^. 6d, 

MEDHURST (J. T.). Book-keeping by Double Entry, Theoretical 
and Practical, including a Society of Arts Examination Paper fully 
worked out. By J. T. medhurst, a.k.c, F.S.S., Fellow of the Society of 
Accountants and Auditors (incorporated), and Lecturer at the City of 
London College. Crown 8vo, is, 

— Examination Papers in Book-keeping. Compiled by JOHN T. med- 

hurst, A.K.C., F.s.s. /^h edition. Crown 8vo, 3J. Key, 2s. 6d, net. 
MURRAY (P.). Graduated Exercises and Examination Papers in 

Book-keeping. [In the Press, 

THOMSON (A. W.). A Text-Book of the Principles and Practice 

of Book-keeping. By professor a. w. Thomson, b.sc, Royal 

Agricultural College, Cirencester, znd edition, revised. Crown 8yo, 5x. 

GEOMETRY AND EUCLID. 

BESANT (W. H.). Conic Sections treated Geometrically. By W. 
H. BESANT, BCD., F.R.S., Fellow of'St. John*s College, Cambridge. 
9M edition. Crown 8vo, 4J. 6d, Key, $s, net. [ Camb, Math, Set. 

— Elementary Conies. Being the First Eight Chapters of the above. By 

\v. H. BESANT, sc.D., F.R.s. Crown 8vo, 2s, 6d, {Camb, Math, Ser. 

BRASSE (J.). The Enunciations and Figures of Euclid, prepared for 
Students in Geometry. By the REV. j. brasse, d.d. New edition, 
Fcap. 8vo, IJ. Without the Figures, 6d. 

DEIGHTON (H.). Euclid. Books I.-VI., and part of Book XT., newly 
translated from the Greek Text, with Supplementary Propositions,' 
Chapters on Modem Geometry, and numerous Exercises. By Horace 
DEIGHTON, M.A., Head Master of Harrison College, Barbados. $th 
edition. 4J. 6^., or Books I. -IV., 3J. Books V.-XI., 2s. 6d, Key, 5^. net. 

[Camb, Math, Ser, 
Also issued in parts : — Book I., \s, ; Books I. and II., \s, 6d, ; Books 
I. -1 1 1., 2J. td, ; Books III. and IV., is, 6d. 

DEIGHTON (H.) and EMTAGE (O.). An Introduction to Euclid, 
including Euclid I. 1-26, with explanations and numerous easy exercises. 
By HORACE DEIGHTON, M.A., and o. EMTAGE, B.A., Assistant Master of 
Harrison College. Crown 8vo, is, 6d, [Cahib. Math, Ser, 

MASON (C. P.). Euclid. The First Two Books Explained to Beginners. 
By c. p. MASON, B.A. 2nd edition, Fcap. 8vo, 2s, 6d, 

McDowell (J.) Exercises on Euclid and in Modern Geometry, con- 
taining Applications of the Principles and Processes of Modern Pure 
Geometry. By j. Mcdowell, m.a., f.r.a.s. \th edition, 6s. 

[Camb. Math, Ser. 

TAYLOR (C). An Introduction to the Ancient and Modem Geo- 
metry of Conies, with Historical Notes and Prolegomena, i^s. 

— The Elementary Geometry of Conies. By c. taylor, d.d.. Master of 

St, John's College. 7M ed., revised, Cr. 8yo, 4^. (>d, [Camb, Math. Ser. 
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WEBB (R.). The Definitions of Euclid. With Explanations and 
Exercises, and an Appendix of Exercises on the First Book, by R. webb, 
M.A. Crown 8vOy is. 6d. 

WILLIS (H. G.). Geometrical Conic Sections. An Elementary 

.Treatise, By h. g. Willis, m.a., Clare College, Cambridge, Assistant 

Master of Manchester Grammar School. Crown 8vo, 5^. [Cafnb, Math, Ser, 

ANALYTICAL GEOMETRY, ETC. 

ALDIS (W. S.). Solid Geometry, An Elementary Treatise on. By w. 
s. ALDIS, M.A. 4/A edition^ revised. Crown 8vo, 6s. [Camb. Math. Ser„ 

BAKER (W. M.). Examples in Analytical Conies for Beginners. 
By w. M. BAKER, M.A., Formerly Scholar of Queen's College, Cam- 
bridge ; Head Master of the Military and Civil Department at Cheltenham 
College. Crown Svo, 2s. 6d. [^Camb. Math. Ser, 

BE3ANT(W. H.). Notes on Roulettes and Qlissettes. By w. h. 
BESANT, sc.D., F.R.S. 2nd edition ^ enlarged. Crown Svo. 5^. 

\Camb. Math. Ser, 

CAYLEY (A.). Elliptic Functions, An Elementary Treatise on. By 
ARTHUR CAYLEY, Sadlerian Professor of Pure Mathematics in the Univer- 
sity of Cambridge. 2nd edition. Demy Svo. 15^. 

TURNBULL(W. P.). Analytical Plane Geometry, An Introduction to. 
Byw. P. TURNBULL, M.A., sometime Fellow of Trinity Collie. Svo, I2J. 

VYVYAN (T. G.). Analytical Geometry for Schools. By rev. t. 
VYVYAN, M.A., Fellow of Gonville and Caius College, and Mathematical 
Master of Charterhouse. 6th edition. Svo, 4J. 6«/. \Camb. S. and C. Texts, 

— Analytical Geometry for Beginners. Part L The Straight Line and 
Circle. 2.nd edition. Crown Svo, 2J. 6^?". [Camb. Math. Ser* 

WHITWORTH (W. A.). Trilinear Co-ordinates, and other methods 
of Modern Analytical Geometry of Two Dimensions. By w. A. whit- 
WORTH, M.A., late Fellow of St. John's College, Cambridge. Svo, idr. 



TRIGONOMETRY. 

DYER (J. M.) and WHITCOMBE (R. H.). Elementary Trigone 
metry. By J. M. dyer, m.a. (Senior Mathematical Scholar at Oxford), 
and REV. R. H. WHITCOMBE, Assistant Masters at Eton College. 2nd 
edition. Crown Svo, 4J. 6d. [Camb. Math, Ser, 

PENDLEBURY (C). Elementary Trigonometry. By charles 
PENDLEBURY, M.A., F.R.A.s., Senior Mathematical Master at St. Paul's 
School. 2nd edition. Crown Svo, 4J. 6d. [Camb, Math, Ser, 

— A Short Course of Elementary Plane Trigonometry. Crown Svo, 
2s, 6d, [/» tke Press, 

VYVYAN (T. G.). Introduction to Plane Trigonometry. By the 
REV. T. G. VYVYAN, M.A., Senior Mathematical Master of Charterhouse. 
^rd edition J revised and augmented. Cr. Svo, y. 6d. [Camb, Math. Ser. 

WARD (G. H.). Examination Papers in Trigonometry. By G. H. 
WARD, M.A., Assistant Master at St. Paul's School, yd edition. Crown 
Svo, 25, 6d, Key, $5, net. 
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MECHANICS AND NATURAL PHILOSOPHY. 

ALDIS (W. S,). Geometrical Optics, An Elementary Treatise on. By 
w. s. ALDIS, M.A. ^tk edition. Crown 8vo, 4^. \Camb, Math, Sir, 

— An Introductory Treatise on Rigid Dynamics. Crown Svo, ^r. 

[Camb, Math, Ser, 

— Fresners Theory of Double Refraction, A Chapter on. 2ftd edition^ 

revised, Svo, 2s, 
BAKER (W. M.). Elementary D3mamic8. By w. M. baker, m.A., 

Head Master of the Military and Civil Department at Cheltenham College. 

Crown Svo, 3£. 6d, *»* A Key is in Preparation. 

BASSET (A. B.). A Treatise on Hydrodynamics, with numerous 

Examples. By A. b. basset, m.a., f.r.s., Trinity College, Cambridge. 

Demy Svo. VoL I., price los, 6d. ; Vol. II., I2J. 6d. 

— An Elementary Treatise on Hydrodynamics and Sound. Demy 

Svo, Js. 6d, 

— A Treatise on Physical Optics. Demy Svo, 16s, 
BESANT(W. H.). Elementary Hydrostatics. Byw. H. besant, scd., 

F.R.S. ijtk edition, Cr. Svo, 4s. 6d. Solutions, 5 J. net. [Camb. Math. Ser, 

— Hydromechanics, A Treatise on. Part I. Hydrostatics. 5M edition, 

revised and enlarged. Crown Svo, 5x. [^Camb. Math. Ser, 

— A Treatise on Dynamics. 2nd ed. Cr. Svo, ioj. 6d. [Camb. Math. Ser, 

EVANS J. H.) and MAIN (P. T.). Newton's Principia, The First 
Three Sections of, with an Appendix; and the Ninth and Eleventh 
Sections. Byj. H. evans, M.A., St. John's College. The $th edition^ 
edited by P. T. MAIN, M.A., Lecturer and Fellow of St. John's College. 
Fcap. Svo, 4J. [Camb, S. and C, Texts, 

GALLATLY (W.). Elementary Physics, Examples and Examination 
Papers in (Statics, Dynamics, Hydrostatics, Heat, Light, Chemistry, 
and Electricity). By w. gallatly, m.a., Assistant Examiner, London 
University. Crown Svo, 4J. [Camb, Math, Ser, 

GARNETT (W.). Elementary Dynamics for the use of Collies and 
Schools. By william garnett, m.a., d.cl., Fellow of St John's 
College, late Principal of the Durham College of Science, Newcastle-upon- 
Tyne, ^th edition, revised. Crown Svo, dr. [Camb, Math. Ser, 

— Heat, An Elementary Treatise on. 6/A edition^ revised. Crown Svo, 

4r. 6d, [Camb. Math. Ser, 

GOODWIN (H.). Statics. By H. Goodwin, d.d., late Bishop of 

Carlisle. 2nd edition. Fcap. Svo, 3J. [Camb. S. and C. Texts, 

HOROBIN (J. C). Elementary Mechanics. Stage L II. and IIL, 

IS. 6d, each. By j. c. horobin, m.a., Principal of Homerton New 

College, Cambridge. 

— Theoretical Mechanics. Division I. Crown Svo, 2s. 6d, 

*,* This book covers the ground of the Elementary Stage of Division J, 
of Subject VI. of the " Science Directory," and is intended for the 
examination of the Science and Art Department 

JESSOP (C. M.). The Elements of Applied Mathematics. In- 
cluding Kinetics, Statics and Hydrostatics. By c. M. jessop, m.a., late 
Fellow of Clare College, Can^. bridge. Lecturer in Mathematics in the 
Durham College of Sciencei Ne^casUe-on-Tyne. 2nd edition. Crown 
Svo, 4^. M [Camb, Math, Ser. 
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PARKINSON (R. M.). Structural Mechanics. By r. m. pa&kinson, 

ASSOC. M.T.C.B. Crown 8vo, 4^. 6^. 
PENDLEBURY (C). Lenses and Systems of Lenses, Treated after 

the Manner of Gauss. By charlbs fbndlebury, m. a. Demy 8to, 5/. 
STEELE (R. E.). Natural Science Examination Papers. By 

R. E. STEELE, M.A., F.CS., Chief Natural Science Master, Bradford 

Grammar School. Crown 8vo. Part I., Inorganic Chemistry, 2J. 6</. 

Part II., Physics (Sound, Light, Heat, Bfagnetism, Electricity), 2j. 6</. 

\Schoel E^ani, Series, 
WALTON (W.). Theoretical Mechanics, Problems in. By w. wal- 

TON, M.A,, Fellow and Assistant Tutor of Trinity Hall, Mathematical 

Lecturer at Magdalene College, yd edUUn, revised. Demy 8vo, i6f. 
— • Elementary Mechanics, Problems in. 211^ edition. Crown 8vo, 6s. 

[Camb, Math, Ser, 

DYER n. M.) and PROWDE SMITH (R.). Mathematical Ex- 
amples. For Array and Indian Civil Service Candidates. By j. M. 
DYER, M.A., Assistant Master, Eton College, and R. pkowde smith, m. a. 
Crown 8vo, 6s, [Camb. Math, Ser, 

8MALLEY (G. R.). A Compendium of Facts and Formulae in 
Pure Mathematics and Natural Philosophy. By g. r. smalley, 
F.R.A.s. New edition^ revised and enlarged. By j. mcdowell, m.a., 
F.R.A.s. Fcap. 8vo, 2S, 

WRIQLEY (A.). Collection of Examples and Problems in Arith- 
metic, Algebra, Geometry, Logarithms, Trigonometry, Conic Sections, 
Mechanics, &c., with Answers and Occasional Hints. By the R£V. A. 
WRiGLEY. loM edition^ 20th thousand. Demy 8vo, y. 6d, 

A Key. By j. c. platts, M.A., and the rev. a. wriglky. indeditton. 
Demy 8vo, y. net. 



MODERN LANGUAGES. 

ENGLISH. 

ADAMS (E.). The Elements of the English Language. By brnsst 

ADAMS, PH.D. 26th edition. Revised by j. F. DAVis, D.lit., m.a. 

(lond.). Post 8vo, 4J. 6d, 
— The Rudiments of English Grammar and Analysis. By ernest 

ADAMS, PH.D. ig/h thousand, Fcap. 8vo, u. 
ALFORD (DEAN). The Queen's English : A Manual of Idiom and 

Usajre. 6/A edition. Small post 8vo. Sewed, is, ; cloth, is, 6d, 
ASCHAM'S Scholemaster. Edited by professor j. B. 6. mayor. Small 

£ost 8vo, sewed, is, 
L'S ENGLISH CLASSICS. A New Series, Edited for use in 
Schools, with Introduction and Notes. Crown 8vo. 
BROWNING, Selections from. Edited by f. rvland, m.a. u. 6d, 
— Strafford. Edited by E. h. hickev. With Introduction by 9. K. gardinbx, 

LL.D. as. 6d. 
BURKE'S Letters on a Regicide Peacs. L and II. Edited by b. o. KBSxri^ 
M.A., C.I.B. jf. ; sewed, ac 
.r 
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BELL'S ENGLISH CLASSICS— rw/mci^^. 

BYRON'S Childe Harold. Edited by h. g. kebnb, m.a., c.i b., Author of "A 
Manual of French Literature/' etc. 3^ . td. Also Cantos I. and II. sewed, rs, gd* 
Cantos III. and IV. sewed, xs. <)d, 

— Siege of Corinth. Edited by p. hordbrn, late Director of Public Instruction in 

Burma, is. 6d, : sewed, zx. 
CARLYLE'S " Hero as Man of Letters." Edited, with Introduction, by 

MARK HUNTER, M.A., Principal of Coimbatore College. 2s. ; sewed, if. (>d. 
•» '* Hero as Divinity." By the same editor. 25. ; sewed, is. td. 
CHAUCER'S MINOR POEMS, Selections from. Edited by j. b. 

BiLDERBECK, B.A., Profe&sor of English Literature, Presidency College, Madras. 

9Md edition, ax. 6d. ; sewed, is. qd, 
DE QUINCEY'S Revolt of the Tartars and The Engrlish Mail-Coach. 

Edited by cecil m. barrow, m.a.j Principal of Victoria College, Palghat, and 

MARK HUNTER, B.A., Principal of Coimbatore College. 3;. ; sewed, aj. 
%* Revolt of the Tartars, separately, sewed, is. 6d. 

— Opium Eater Edited by mark hunter, b.a. 4^. 6d. ; sewed, 3*. 6rf. 
GOLDSMITH'S Good-Natured Man and She Stoops to Conquer. Edited 

by K. dbighton. Each, 2*. cloth ; is. 6d. sewed. The two plays together, sewed, 
9S. 6d. 

— Traveller and Deserted Villag^e. Edited by the rev. a. b. woodwajid, m.a. 

Cloth, 2S., or separately, sewed, lod. each. 
IRVING'S Sketch Book. Edited by r. g. oxenham, m.a. Sewed, if. 6d. 
JOHNSON'S Life of Addison. Edited by f. ryland. Author of *'The Students' 

Handbook of Psychology," etc. 2s. 6d. 

— Life of Swift. Edited oy f. ryland, m.a. as. 

— Life of Pope. Edited by f. ryland, m.a. 2j. 6d. 
%* The Lives of Swift and Pope, together, sewed, 2S. 6d, 

— Life of Milton. Edited by v. ryland, m.a. as. 6d, 

— Life of Dry den. Edited by k. ryland, m.a. as. 6d. 
•#* The Lives of Milton and Dryden, together, sewed, as. 6d. 

— Lives of Prior and Congreve. Edited by f. ryland, m.a. sf. 
LAMB'S Essays. Selected and Edited by k. deighton. 3^. ; sewed, sf. 
LONGFELLOW, Selections from, including Evangeline. Edited by M. T. 

QUiNN^ M.A., Principal and Professor of English Language and Literature, 
Pachaiyappa's College, Madras, as. 6d. ; sewed, is. gd. 
\* Evangeline, separately, sewed, 1 r. yi. 
if ACAULAY'S Lays of Ancient Rome. Edited by p. hordbrn. m, td. ; 
sewed, is. od, 

— Essay on Clive. Edited by cbcil barrow, m.a. as. ; sewed, is. 6d, 
MASSINGER'S A New Way to Pay Old Debts. Edited by k. dbighton. 

^t. ; sewed, as. 
TON'd Paradise Lost. Books III. and IV. Edited by r. g. oxenham, m.a.. 
Principal of Elphinstone College, Bombay, as. ; sewed, if. 6</., or separately, 
sewed, lod. eacn. 

— Paradise Regained. Edited by k. deighton. as. 6d. ; sewed, is. <)d. 
POPE'S Essa^ on Man. Edited by f. ryland, m a. is, 6d. : sewed, is. 
POPE, Selections from. Containin^^ Essay on Criticism, Rape of the Lock^ 

Temple of Fame. Windsor Forest. Edited by k. deighton. as. td. ; sewed, is. ga . 
SCOTT'S Lady of the Lake. Edited by the rev. a. e. woodward, m.a. Cloth, 

xs. 6d. The Six Cantos separately, sewed, Zd. each. 
SHAKESPEARE'S Julius Caesar. Edited by t. duffbarnett, b. a. (Load.), as. 

— Merchant of Venice. Edited by t. duff barnett, b.a. (Lond.). a*. 

— Tempest. Edited by t. duff barnett, b.a. (Loud.), at. 
WORDSWORTH'S Excursion. Book I. Edited, with Introduction and Notes 

by M. T. QUiNN, M.A. Sewed, is. yi. 

Others to/oliow, 

BELL'S READING BOOKS. Post 8vc, cloth, illustrated. 



Infanta. 
Infant's Primer, yi. 
Tot and the Cat. 6d, 
^sop'8 Fables. 6d. 
The Old Boathouse. 6d. 
The Cat and the Hen. M 



Standard I. 
School Primer, dd. 
The Two Parrots. 6d, 
The Three Monkeys. 6cU 
The New-bom Lamb. M 
The Blind Boy. ^. 
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BELL'S READING BOOKS^^ofi/intt^. 



Standard II. 
The Lost Pigs. 6d. 
Story of a Cat. td* 
Queen Bee and Busy Bee. 6d, 
Gulls' Crag. 6d. 

Standard III. 
Oreat Deeds in English History. 

IX. 

Adventures of a Donkey, i/. 
Grimm's Tales, is. 
Great Englishmen, is, 
Andersen's Tales, i/. 
Life of Columbus, is. 

Standard IV. 
Uncle Tom's Cabin, is. 
Swiss Family Robinson, ij; 
Great Englishwomen, u. 
Great Scotsmen, is, 
Edgewoith's Tales, is. 



Gatty's Parables from Nature, is. 
Scott's Talisman, is. 

Standard V. 
Dickens' Oliver Twist i/« 
Dickens' Little Nell. is. 
Masterman Ready, is. 
Marryat's Poor Jack. is. 
Arabian Nights, is, 
Gulliver's Travels, is. 
Lyrical Poetry for Boys & Girls, is. 
Vicar of Wakefield, is. 

Standards VI. and VII. 
Lamb's Tales from Shakespeare. 

IS, 

Robinson Crusoe, is. 
Tales of the Coast, is. 
Settlers in Canada, is. 
South ey's Life of Nelson, is. 
Sir Roger de Coverley. is. 



BELL'S GEOGRAPHICAL READERS. By M. j. barrington- 
WARD, M.A. (Worcester College, Oxford). 



The Child's Geography. Illus- 
trated. Stiff paper cover, 6^. 

The Map and the Compass. 
(Standard I.) Illustrated. Cloth, 
8^. 



The Round World. (StandardIL) 

Illustrated. Cloth, io</. 
About England. (Standard III.) 

With Illustrations and Coloured 

Map. Cloth, IS. 4//. 



BELL'S ANIMAL LIFE READERS. A Series of Reading Books 
for the Standards, designed to inculcate the humane treatnaent of animals. 
Edited by edith carrington and ernest bell. Illustrated by 
HARRISON weir and others. %* Full Frospecttts on application, 

BELL'S HISTORY READERS: 

Early English History. Adapted for Standard III. Containing 
12 Stories from Early English History to the Norman Conquest. With 
30 Illustrations, is. 

Stories from English History, 1066-1485. Adapted for Standard IV. 
Containing 20 Stories and Biographies from the Norman Conquest to the 
end of Wars of the Roses. With 31 Illustrations, is. yi. 

The Tudor Period. Adapted for Standard V. and following volumes. 

[/;/ Freparation, 

BROWNING(R.). Handbook to RobertBro\ming's Works by mrs. suther- 

LAND ORR. *jth etiiiion. Revised, with a bibliography, Fcap. 8vo. dr. 

EDWARDS (P.). Examples for Analysis in Verse and Prose. Selected 
and arranged by F. Edwards. Nezu edition. Fcap. 8vo, cloth, ix, 

GOLDSMITH. The Deserted Village. Edited, with Notes and Life, 
by c. p. mason, B.A., F.c.P. ^h edition. Crown 8vo, is, 

HANDBOOKS OF ENGLISH LITERATURE. Edited by j. W. 
HALES, M.A., formerly Clark Lecturer in English Literature at Trinity 
College, Cambridge, Professor of English Literature at King's Collegey 
London. Crown 8vo, y, 6d, each. 
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HANDBOOKS OF ENGLISH I^ITER AT V RE— <:onftmfec/. 

The Age of Milton. (1632— 1660). By the rev. j. h. b. masterman, 

M.A., with IntroductioD, etc., by j. bass mullinger, m.a. 
The Age of Dryden. (1660 — 1700). By r. garnett, ll.d., cb, 

2fui ediiion* 
The Age of Pope, (1700 — 1744). By john dennis. '^rd edition. 
The Age of Johnson. (1744— 1798). By thomas seccombe. 
The Age of Wordsworth. (1798 — 1832). By prof. c. h. herforo, 

LITT. D. yd edition. 
The Age of Tennyson. (1830— 1870). By prof, hugh walksb. 

2nd edition. 

In preparation. 
The Age of Alfred. By h. frank heath, ph.d. 
The Age of Chaucer. By professor hales. 
The Age of Shakespeare. By professor hales. 

HA2LITT ( W.). Lectures on the Literature of the Age of Elizabeth. 
Small post 8vo, sewed, is, 

— Lectures on the English Poets. Small post 8vo, sewed, is, 

— Lectures on the English Comic Writers. Small post 8vo, sewed, is. 
LAMB (C). Specimens of English Dramatic Poets of the Time of 

Elizabeth. With Notes. Small post 8vo, 3^. 6d, 

MASON (C. P.). Grammars by c. P. MASON, B.A., F.C.P., Fellow of 
University College, London. 

— First Notions of Grammar for Young learners. Fcap. 8vo. 19M edition, 

l2$tA thousand. Cloth, is, 

— First Steps in English Grammar, for Junior Classes. Demy i8mo. 64M 

thousand, is, 

— Outlines of English Grammar, for the Use of Junior Classes. 20/A 

edition, Iij-i2(ith thousand. Crown 8vo, 2j. 

— English Grammar ; including the principles of Grammatical Analysis. 

39/A edition, revised, lyoth thousand. Crown 8vo, green cloth, 3^. hd, 

— A Shorter English Grammar, with copious and carefully graduated 

Exercises, based upon the author's English Grammar. 12th edition. 
S7th-6ist thousand. Crown 8vo, brown cloth, 3^. 6d, 

— Practice and Help in the Analysis of Sentences. Price 2s. Cloth. 

— English Grammar Practice, consisting of the Exercises of the Shorter 

English Grammar published in a separate form, yd edition. Crown 8vo, is. 
•^ Remarks on the Subjunctive and the so-called Potential Mood. 
6d.y sewn. 

— Blank Sheets Ruled and headed for Analysis, is. per dozen. 

MILTON : Paradise Lost. Books L, II., and III. Edited, with Notes 
on the Analysis and Parsing, and Explanatory Remarks, by c. P. mason, 
B.A., F.C.P. Crown 8vo. u. each. 

— Paradise Lost. Books V.-VIII. With Notes for the Use of Schools. 

By C. M. LUMBY. 2s, 6d, 

PRICE (A. C). Elements of Comparative Grammar and Philology. 
For Use in Schools. By A. c. price, m.a. Crown 8vo, 2s, 6d, 

SHAKESPEARE. Notes on Shakespeare's Plays. With Introduction, 
Summary, Notes (Etymological and Explanatory), Prosody, Grammatical 
Peculiarities, etc. By T. duff barnett, b.a. Lond. Specially adapted 
for the Local and Preliminary Examinations. Crown 8vo, is, each. 
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SHAKESPEARE— r^»/iffi«^</. 

Midsummer Night's Dream. — ^Julius Casar. — The Tempest. — 
Macbeth. — Henry V. — Hamlet. — Merchant of Venice. — King 
Richard II. — King John. — King Richard III. — King Lear.— 
Coriolanus. — Twelfth Night. — As You Like it. — Much Ado About 
Nothing. 

— Hints for Shakespeare- Study. ExempliHedinan Analytical Study of Julius 

Cxsar. By MARY GRAFTON MOBERLY. 2.nd edition. Crown 8vo, sewed, u. 

— Coleridge s Lectures and Notes on Shakespeare and other English 

Poets. Edited by T. ashe, b.a. Small post 8vo, 31. dd, 

— Shakespeare's Dramatic Art. The History and Character of Shake- 

speare's Plays. By dr. Hermann ulrici. Translated by l. dora 
SCHMITZ. 2 vols, small post 8vo, 3^. (id, each. 

— William Shakespeare. A Literary Biography. By karl EI.ZE, FH.D.y 

LL.D. Translated by L. DORA schmitz. Small post 8vo, y. 

— Hazlitt's Lectures on the Characters of Shakespeare's Plays. Small 

post 8vo, ij. 
SKl^AT (W. W.). Questions for Examinations in English Litera- 
ture. With a Preface containing bnef hints on the study of English. 
Arranged by rev. w. w. skeat, litt.d. y^d edit, Cr. 8vo, 2j. 6</. 

SMITH (C. J.) Synonyms and Antonyms of the English Language. 
Collected and Contrasted by the yen. c. j. smith, m.a. 2nd edition^ 
revised. Small post 8vo, 5j. 

— Synonyms Discriminated. A Dictionary of Synonymous Words in the 

English Language. Illustrated with Quotations from Standard Writers. 
By the late yen. c. j. smith, m.a. Edited by rey. h. percy smith, 
M.A. 4/A edition. Demy 8vo, 14J. 
SMITHSON (D. J.). Elocution and the Dramatic Art. New edition^ 
revised by CHARLES reeye taylor, m.a., ll.b.. Lecturer in Public 
Reading and Speaking in King's College, London. Crown 8vo, pp. 
xvi-586, y, 6d, 

TEN BRINK'S Early English Literature. Vol. I. (to WicliQ. Trans- 
lated into English by HORACE M. KENNEDY. Small post 8vo, 31. 6d, 

— Vol. II. (W^iclif, Chaucer, Earliest Drama, Renaissance). Translated bj 

w. CLARKE ROBINSON, PH.D. Small post 8vo, 3j. 6d, 

— Vol. III. (to the Death of Surrey). Edited by professor ALOIS BRANDL. 

Translated by L. dora schmitz. Small post 8vo, 3^. 6d, 

— Lectures on Shakespeare. Translated by julia franklin. Small 

post 8vo, 3J. 6d, 

TENNYSON (LORD). A Handbook to the Works of Alfred Lord 
Tennyson. By morton luce. 2nd edition. Fcap. 8vo. 6s, 

THOMSON : Spring. Edited by c. P. mason, b.a., f.cp. With Life. 
2nd edition. Crown 8vo, \s, 

— Winter. Edited by c. p. mason, b.a., f.cp. With Life. Crown 8vo, u. 
WEBSTER'S BRIEF INTERNATIONAL DICTIONARY. A 

Pronouncing Dictionary of the English Language, abridged from Webster's 
International Dictionary. With a Treatise on Pronunciation, List of 
Prefixes and Suffixes, Rules for Spelling, a Pronouncing Vocabulary of 
Proper Names in History, Gec^aphy, and Mythology, and Tables of 
English and Indian Money, Weights, and Measures. With 564 pages 
and 800 Illustrations. Demy 8vo^ ^« 
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WEBSTER'S INTERNATIONAL DICTIONARY of the English 
Language. Including Scientific, Technical, and Biblical Words and 
Terms, with their Significations, Pronunciations, Alternative Spellings, 
Derivations, Synonyms, and numerous illustrative Quotations, with various 
valuable literary Appendices, with 83 extra pages of Illustrations grouped 
and classified, rendering the work a Complete Literary and Scientific 
Reference- Book. New edition (1890). Thoroughly revised and en- 
larged under the supervision of NOAH porter, d.d., ll.d, i vol. (2,118 
pages, 3,500 woodcuts), 4to, cloth, 311. 6d, ; half calf, £2 2s, ; half russify 
£2 $s, ; calf, £2 Ss. ; or in 2 vols., cloth, £1 14s, 

i^ospectuseSf wiih specimen pages ^ sent post frei on application. 



FRENCH CLASS BOOKS. 

BOWER (A. M.). The Public Examination French Reader. With 
a Vocabulary to every extract. By A. M. BOWER, F.R.G.S., late Master 
in University College School, etc. y. 6d» 

BAR RE RE (A). Pr6cis of Comparative French Grammar and Idioms 
and Guide to Examinations. By A. barrere. Professor R.M.A., 
Woolwich. 4tA edition, 3^. 6d, 

— R6cits Militaires. From Valmy (1792) to the Siege of Paris (1870). 

With English Notes and Biographical Notices. 2nd edition. Crown 8vo, 3J. 

CLAPIN (A. C). French Grammar for Public Schools. By the 
REV. A. c. CLAPIN, M.A., B.-es-L. Fcap. 8vo. 14M edition, 2s. 6d, 

— French Primer. Elementary French Grammar and Exercises for Junior 

Forms in Public and Preparatory Schools. Fcap. 8vo. 12M edition, is, 

— Primer of French Philology. With Exercises for Public Schools. 

lotk edition, Fcap. 8vo, is, 

— English Passages for Translation into French. Crown 8vo, 2s, 6d 

Key (for Tutors only), 4^. net. 

DAVIS (J. F.) and THOMAS (F.). An Elementary French 
Reader. Compiled, with a Vocabulary, by j. F. davis, m.a., dlit., 
and FERDINAND THOMAS, Assistant Examiners in the University of 
London. Crown 8vo, 2s, 

ESCLANGON (A.). The French Verb Newly Treated: an Easy^ 
Uniform, and Synthetic Method of its Conjugation. By A. EscLANGOiii^ 
Examiner in the University of London. Small 4to, Ss, 

GASC (F. E. A.). First French Book ; being a New, Practical, and 
Easy Method of Learning the Elements of the French Language. I^eset 
and thoroughly revised, I2^th'i'^2nd thousand. Crown 8vo, u. 

— Second French Book. 57/A thousand. Fcap. 8vo, is, 6d, 

— Key to First and Second French Books, 'jth edition, Fcap. 8vo, 35. 6if.net. 

— French Fables, for Beginners, in Prose, with an Index of all the Words 

at the end of the work. I'jih thousand, i2mo, is, 6d, 

— Select Fables of La Fontaine. 19/// thousands Fcap. 8vo, u. 6«/. 
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GASC (F. E. K.)— continued. 

-* HistoireB Amusantes et Instructives ; or, Selections of Complete 
Stories from the best French modem authors, who have written for the 
young. With English notes. 17M thousand, Fcap. 8vo, 2s, 

— Practical Guide to Modem French Conversation, containing :~ 

I. The most current and useful Phrases in Everyday Talk. II. Every- 
body's necessary Questions and Answers in Travel-Talk. 19/A edition, 
Fcap. 8vo, IS, 6d, 

— French Poetry for the Young. With Notes, and preceded by a few 

plain Rules of French Prosody, • $th edition^ revised, Fcap. 8vo, is, 6d, 

— French Prose Composition, Materials for. With copious footnotes, and 

hints for idiomatic renderings. 2yd thousand, Fcap. 8vo, 31. 
Key. 2nd edition, ts, net. 

— Prosateurs Contemporains ; or, Selections in Prose chiefly from con- 

temporary French literature. With notes. \2th edition, i2mo, 3J. 6</. 

— Le Petit Compagnon ; a French Talk-Book for Little Children. 14/^ 

edition, i6mo, \s, 6d, 

— French and English Dictionary, with upwards of Fifteen Thousand 

new words, senses, &c, hitherto unpublished. 8M edition^ reset and con- 
siderably enlarged. In one vol. Large 8vo, cloth, 12s, 6d, In use at 
Harrow, Rugby, Shrewsbury, &c, 

— Student's Dictionary of the French and English Languages. 

1,124 pages, double columns. 8vo. $s, 

— Pocket Dictionary of the French and English Languages ; for the every- 

day purposes of Travellers aud Students. New edition. ^*jth thousand, 
i6mo, cloth, 2s, 6d, 

COSSET (A.). Manual of French Prosody for the use of English 
Students. By ARTHUR GOSSET, M.A., Fellow of New College, Oxford. 
Crown 8vo, 3}. 

GRANVILLE (W. E. M.). ABC Handbook of French Corre- 
spondence. Compiled by w. B. M. Granville. Crown 8vo, 2s, 6d, 

LE NOUVEAU TRESOR; designed to facilitate the Translation of 
English into French at Sight. By M. £. s. iSth edition, Fcap. 8vo, is, 6d, 

STEDMAN (A. M. M.). French Examination Papers in Miscel- 
laneous Grammar and Idioms. Compiled by A. M. M. stedman, m.a. 
6th edition. Crown 8vo, 2s. 6d. A Key (for Tutors only), 6s, net. 

— Easy French Passages for Unseen Translation, and edition. Fcap. 

8vo, IS, 6d. 

— Easy French Exercises on Elementary Syntax. Crown 8vo, 2s, 6d, 

— First French Lessons. Crown 8vo, is, 

^- French Vocabularies for Repetition. Fcap. 8vo, is, 

— Steps to French. i8mo, Sd, 

WILLAN (J. N.). Scheme of French Verbs, with Verb Papers. U. 

FRENCH ANNOTATED EDITIONS. 

BALZAC. Ursule Mirouet. By honor£ de balzac. Edited, with 
Introduction and Notes, by james boYelle, b. -es-L. 3J. 

CLARETIE. Pierrille. By jules CLARfixiE. With 27 Illustrations. 
Edited, with Introduction and Notes, by james boIelle, b.-^s-l. 2s. 6d, 
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DAUDET. La Belle Niveraaise. Histoire d'un vieux bateau et de son 
^uipage. By alphonse daudet. Edited, with Introduction and 
Notes, by JAMES boielle, B.-es-L. With Six Illustrations. 2j. 

PBNBLON. Aventures de T£16maque. Edited by c. j. delille. 

5M edition, Fcap. 8vo, 2j. 6^/. 
GOMBERT'S FRENCH DRAMA. Re-edited, with Notes, by r. E. A, 

GASC. Sewed, 6t/. each. 

MOLIERE. 



Le Misanthrope. 

L'Avare. 

Le Bourgeois Gentilhomme. 

Le Tartuffc. 

Le Malade Imaginaire. 

Les Femmes Savantes. 



RACINE. 



La Th6balde, ou Les Fr^res 

Ennemis. 
Andromaque. 
Les Plaideura. 
Iphig6nie. 



Les Fourberies de Scapin. 
Les Prdcieuses Ridicules. 
L'Ecole des Femmes. 
L'Ecole des Maris. 
Le M6decin Malgr6 Lui. 



Britannicus. 
Ph^dre. 
Esther. 
Athalie. 



CORNEILLE. 
Le Cid. Cinna. 

Horace. Polyeucte. 

VOLTAIRE.— Zaire. 
GREVILLE. Le Moulin Frappier, By henry greville. Edited, 
with Introduction and Notes, by james boielle, B.-es-L. 31. 

HUGO. Bug Jargal. Edited, with Introduction and Notes, by james 

BOIELLE, B.-eS-L. y, 

LA FONTAINE. Select Fables. Edited by F. s. A. gasc. \<^h 
thousand, Fcap. 8vo, u. dd, 

LAMARTINE. Le Tailleur de Pierres de Saint-Point. Edited with 
Notes by james boielle, B.-es-L. tih thousand, Fcap. 8vo, u. M, 

SAINTINE. Picciola. Edited by dr. dubuc. \(dh thousand, Fcap. 
8vo, \s, 6d» 

VOLTAIRE. Charles XII. Edited by L. direy. Zth edition, Fcap. 
3vo, ij. (>d. 



GERMAN CLASS BOOKS. • 

BUCHHEIM (DR. C. A.). German Prose Composition. Consist- 
ing of Selections from Modern English Writers. With grammatical notes, 
idiomatic renderings, and f^eneral iutroduclion. By C. A. buciiheim, ph.d. 
professor of the German Language and Literature in King's College, and 
Examiner in German to the London University. 1 5//i lidition, enlarged and 
revised. With a list of subjects for original composition. Fcap. Svo, 4J. 6</, 
A Key to the ist and 2nd parts, ^d edition, 3^. net. To the 3rd and 
4ih parts. 4^. net. 

— First Book of German Prose. Being Parts I. and II. of the above. 
With Vocabulary by H. r. Fcap. Svo, is, td. 
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CLAPIN (A. C.)« A German Grammar for Public Schools. By the 
REV. A. c. CLAPIN, and F. HOLL-MULLER, Assistant Master at the Bruton 
Grammar School. 6M edition. Fcap. 8vo, 2s. 6d, 

— A German Primer. With Exercises. 2nd edition^ Fcap. 8vo, is, 
LANGE (P.). Elementary German Reader. A Graduated Collection of 

Readings in Prose and Poetry. With English Notes and a Vocabulary. 
By F. LANGE, PH.D., Professor R.M.A. W'oolwich, Examiner in German 
to the College of Preceptors, London ; Examiner in German at the Victoria 
University, Manchester. Crown 8vo. 4/yi edition, is. 6d, 

MORICH (R. J.). German Examination Papers in Miscellaneous 
Grammar and Idioms. By R. j. moricii, Manchester Grammar School. 
2nd edition. Crown 8vo, 2s. 6d. A Key, for Tutors only. ^s. net. 

PHILLIPS (M. E.). Handbook of German Literature. By mary 
E. PHILLIPS, LL.A. With Introduction by DR. A. WEiss, Professor of 
German Literature at R. M. A. Woolwich. Crown 8vo, 3^, 6d. 

STOCK (DR.). Wortfolge, or Rules and Exercises on the orderof Words 
in German Sentences. With a Vocabulary. By the late Frederick 
STOCK, D.LIT., M.A. Fcap. 8vo, is. 6d, 

KLUGE'S Etymological Dictionary of the German Language, 
Translated by j. F. davis, d.lit. (Lond.). Crown 4to, fs. 6d, 

GERMAN ANNOTATED EDITIONS. 

AUERBACH (B.). Auf Wache. Novelle von berthold auerbach. 

Der Gefrorene Kuss. Novelle von otto roquette. Edited by a. a. 

MACDONELL, M.A., PH.D. 2nd edition. Crown 8vo, 2s. 
BENEDIX (J. R.). Doktor Wespe. Lustspiel in fiinf Aufzugen von 

JULIUS RODERICK BENEDIX. Edited by PROFESSOR F. LANGE, PH.D. 

Crown 8vo, 2s. 6d. 

EBERS (G.). EinePrage. Idyll von georg ebers. Edited by f. storr, 

B.A, Crown 8vo, 2s. 
FREYTAG (G.). Die Joumalisten. Lustspiel von gustav freytag. 

Edited by professor f. lang e , ph. d. 4/A revised edition. Crown 8 vo, 2J. 6d, 

— Soil und Haben. Roman von gustav freytag. Edited by vv. hanby 

CRUMP, M.A. Crown 8vo, 2s. 6d. 

GERMAN BALLADS from Uhland, Goethe, and Schiller. With Intro- 
ductions, Copious and Biographical Notices. Edited by c. L. Bielefeld, 
5/// edition. Fcap. Svo, is. 6d. 

GERMAN EPIC TALES IN PROSE. 1. Die Nibelungen, von 
A. F. c. vilmar. II. Walther und Hildegund, von albert richter. 
Edited by karl neuhaus, ph.d. Crown Svo, 2s. 6d. 

GOETHE. Hermann und Dorothea. With Introduction, Notes, and Argu- 
ments. By E. BELL, M.A., and e. wolfel. ^rd edition. Fcap. 8vo, is. 6di 

— Faust. Part . I. German Text with Hayward's Prose Translation 

and Notes. Revised, with Introduction by c. A. buchheim, ph.d.. 
Professor of German Language and Literature at King's College, London. 
Small post Svo, 5^. 

GUTZKOW (K.). Zopf und Schwert. Lustspiel von karl gutzkow. 
Edited by PROFESSOR F. LANGE, PH.D. Crown 3vo, 2s. 6d, 
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KEY'S FABELN FUR KINDER. Illustrated by o. speckter. 
Edited, with an Introduction^ Grammatical Summary, Words, and a com- 
plete Vocabulary, by professor f. langb, ph.d. Crown 8vo, u. 6</. 

— The same. With a Phonetic Introduction, and Phonetic Transcription of 

the Text. By professor f. langb, ph.d. Crown 8vo, 2j. 

HEYSE (P.). Hans Lange. Schauspiel von paul heyse. Edited by 
A. A. macdonelLv M.A., PH.D. Crown 8vo, 2J. 

HOFFMANN (E. T. A.). Meister Martin, der Kufner. Erzahlung 
von e. T. A. HOFFMANN. Edited by F. lange, ph.d. znd edition. 
Crown 8vo, is. 6d, 

MOSER (G. VON). Der Bibliothekar. Lustspiel von o. von moser. 
Edited by F. LANGE, PH.D. 4/A edition. Crown 8vo, 2s, 

SCHEFFEL (V. VON). Ekkehard. Erzahlung des zehnten Jahr- 
hunderts, von victor von scheffel. Abridged edition, with Intro- 
duction and Notes by merman hager, ph.d. Crown 8vo, 3.f. 

SCHILLER'S Wallenstein. Complete Text, compiising the Weimar 
Prologue, Lager, Piccolomini, and Wallenstein's Tod. Edited by dr. 
BUCHHEIM, Professor of German in King's College, London. 6th edition, 
Fcap. 8vo, 5j. Or the Lager and Piccolomini, 2j. 6d, Wallenstein's 
Tod, 2j. ed, 

— Maid of Orleans. With English Notes by DR. wilhelm wagner. y^d 

edition. Fcap. 8vo, u. 6d. 

— Maria Stuart. Edited by v. kastner, b.4s-l., Lecturer cgi French 

Language and Literature at Victoria University, Manchester, yrd edition, 
Fcap. 8vo, is, 6d, 

ITALIAN. 

DANTE. The Inferno. A Literal Prose Translation, with the Text of the 
Original collated with the*best editions, printed on the same page, and 
Explanatory Notes. By JOHN A. carlyle, m.d. With Portrait. 2nd 
edition. Small post 8vo, 5J. 

T- The Purgatorio. A Literal Prose Translation, with the Text of Bianchi 
printed on the same page, and Explanatory Notes. By W. S. DUGDALB. 
Small post 8vo, 5^. 

BELUS MODERN TRANSLATIONS. 

A Series of Translations from Modern Languages^ with Memoirs^ 
Introductions, etc. Crown ivo, is. each, 

DANTE. Inferno. Translated by the rev. h. f. cary, m.A. 

— Purg^atorio. Translated by the rev. m. f. cary, m.a. 

— Paradiso. Translated by the rev. h. f. cary, m.a. 
GOETHE. Egmont. Translated by anna swanwick. 

— Iphigenia in Tauris. Translated by anna swanwick. 

-- Goetz von Berlichingen. Translated by sir Walter SCOTT. 

— Hermann and Dorothea. Translated by E. A. bowring, cBi 
HAUFF. The Caravan. Translated by s. mendel. 

— The Inn in the Spessart. Translated by s. mendbu 
LESSINQ. Laokoon. Translated by E. c. beasley. 
^- Nathan the Wise. Translated by R. DILLON boylan. 

— - Minna von Bamhelm. Translated by ernest bell, hju 
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MOLIl^RE. The Misanthrope. Translated by c. heron walu 

— The Doctor in Spite of Himself. (Le Medecin malgre lui.) Trans- 

lated by C. HERON WALL. 

— Tartuffe ; or. The Impostor. Translated by c. heron wall. 

— The Miser. (L'Avare.) Translated by a heron wall. 

— The Shopkeeper turned Gentleman. (Le Bourgeob Gentilhomme.) 

Translated by c. heron wall. 

— The Affected Ladies. (Les Pr^cieuses Ridicules.) Translated by c. 

HERON WALL. 

— The Learned Women. (Les Femmes Savantes.) Translated by C* 

HERON WALL. 

— The Impostures of Scapin. Translated by c. heron walu 

RACINE. Athalie. Translated by R. bruce bos well, M.A. 

— Esther. Translated by R. bruce bos well, m.a. 

— Iphigenia. Translated by R. bruce boswell, m.a. 

— Andromache. Translated by R. bruce boswell, m.a. 

— Britannicus. Translated by R. bruce boswell, m.a. 

SCHILLER. William Tell. Translated by sir theodore MARTIN, 
K.C.6., LL.D. Neio edition^ entirely revised, 

— The Maid of Orleans. Translated by anna swan wick. 

— Mary Stuart. Translated by j. mellish. 

— Wallenstein's Camp and the Piccolomini. Translated by j. churchill 

and S. T. COLERIDGE. 

— The Death of Wallenstein. Translated by s. T. coleridge. 

^% For other Translations of Modem Languages, see the Catalogue of 
Bohn's Libraries, which will be forwarded on application. 



SCIENCE, TECHNOLOGY, AND ART. 

BELUS SCIENCE SERIES. 

Edited by Percy Groom^ M.A, {Cantab, et Oxon.), F,L,S., Lecturer on Botany^ 
and G, A/, Minchin, M.A,y I'\R.S,y Professor of Applied Mathematics in 
the Royal Indian Engineering CoUege^ Cooper's HtlU 

Already published, 

ELEMENTARY BOTANY. By percy groom, m.a., F.L.S., sometime 
Examiner in Botany to the University of Oxford, znd edilioHm With 
275 illustrations. Crown 8vo. 3^". 6d» 

The following volumes are in active preparation : 

COMPARATIVE ANATOMY. By G. c. bourne, m.a., Fellow and 

Tutor of New College, Oxford. 
PHYSIOGRAPHY. By H. N. DICKSON, F.R.S.E., F.R. MET. SOC., F.R.G.S. 

CHEMISTRY. By james walker, d.sc, Professor of Chemistry in 
University College, Dundee. 

MECHANICS. By prof. g. m, minchin, m.a., F.K.S. 
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ELECTRICITY AND MAGNETISM. By Oliver j. lodge, d.sc, 
F.R.Sr, LL.D., M.LE.E., Professor of Physics in University College, 
Liverpool. 

ELEMENTARY GENERAL SCIENCE. By D. E. jones, d.sc.. 
Science Inspector, and formerly Professor of Physics in the University 
<:ollege of Wales, Abeiystwith, and D. s, mcnair, PH.D., B.SC 



CHEMISTRY. 

COOKE (S.). First Principles of Chemistry. An Introduction to 
Modern Chemistry for Schools and Colleges. By samuel cooke, m.a., 
B.E., Assoc. Mem. Inst. C. E., Principal of the College of Science, Poona,. 
dth edition^ revised. Crown 8vo, 2.s, 6d, 

— The Student's Practical Chemistry. Test Tables for Qualitative 
Analysis, "^rd edition^ revised and enlarged. Demy 8vo I j. 

STOCKHARDT (J. A.). Experimental Chemistry. Founded on the 
work of J. A, STOCKHARDT. A Handbook for the Study of Science by 
Simple Experiments. By c. w. heaton, f.lc, f.cs.. Lecturer in 
Chemistry in the Medical School of Charing Cross Hospital, Examiner in 
Chemistry to the Royal College of Physicians, etc. Revised edition, 5i. 



BOTANY. 

HAYWARD (W. R.). The Botanist's Pocket-Book. Containing in 
a tabulated form the chief characteristics of British Plants, with the 
botanical names, soil, or situation, colour, growth, and time of flowering 
of every plant, arranged under its own order; with a copious Index. 
By w. R. HAYWARD. *jtk edition^ revised, Fcap. 8vo, cloth limp, 4r. 6d?. 

LONDON CATALOGUE of British Plants. Part L, containing the 
British Phgenogamia, Filices, Equisetacese, Lycopodiacese, Selaginellaceae, 
Marsileaceae, and Characese. ^h edition. Demy 8vo, (id, ; interleaved 
in limp cloth, \s. Generic Index only, on card, 2d, 

MASSEE (G.). British Fungus-Flora. A Classified Text-Book of 
Mycology. By George mass ee. Author of ** The Plant World.*' With 
numerous Illustrations. 4 vols, post 8vo, *J5, 6d, each 

SOWERBY'S English Botany. Edited by T. boswell (late syme), 
LL.D., F.L.S., etc. 3n/ edition^ entirely revised. With Descriptions of 
all the Species by the Editor, assisted by N. E. brown. 12 vols., with 
1,937 coloured plates y £24. y. in cloth, ;^26 lis, in half-morocco. Also 
in 89 parts, 5^., except Part 89, containing an Index to the whole 
work, Js, 6d, 

,% Supplementary volume. Parts I., 11., and III., Jj. each, or 
bound together, making Vol. XIII. of the complete work, lyj. 

TURNBULL (R.). Index of British Plants, according to the London 
Catalogue (Eighth Edition), including the Synonyms used by the principal 
authors, an Alphabetical List of English Names, etc. By robe&T 
TU&NBUIX. Cloth, 3^, 
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GEOLOGY. 

JUKES-BROWNE (A. J.). Student's Handbook of Physical Geo- 
logy. By A. J» juKes-browne, B.a., F.g.s., of the Geological Survey of 
England and Wales. With numerous Diagrams and Illustrations, znd 
edition^ muck enlarged, *js, dd* 

— Student's Handbook of Historical Geology. With numerous Diagrams 
and Illustrations. 6x. 

* The Building of the British Isles. A Study in Geographical Evolution. 
With Maps. 2nd edition revised, Js, td, 

MEDICINE AND HYGIENE. 

CARRINGTON (R. E.), and LANE (W. A.). A Manual of Disaec 

tions of the Human Body. By the late R. E. cakrington, m.d. 

(Lend. ), F. R. c. P. 2nd edition. Revised and enlarged by w. arbuthnot 

LANE, M.S., F.R.C.S. Crown 8vo, 9J. 
HILTON'S Rest and Pain. Lectures on the Influence of Mechanical and 

Physiological Rest in the Treatment of Accidents and Surgical Diseases, 

and the Diagnostic Value of Pain. By the late JOHN HILTON, f.r.s.» 

F.R.C.S., etc. Edited by w. H. A. jacobson, M.A., M.CH. (Oxon.), 

F.R.C.S. 6tk edition, gs, 
HOBLYN'S Dictionary of Terms used in Medicine and the Collateral 

Sciences. 12M edition. Revised and enlarged byj. A. p. price, B.A., 

M.D. (Oxon.). los, 6d, 
LANE (W. A.). Manual of Operative Surgery. For Practitioners and 

Students. By w. arbuthnot lane, m.b., m.s., F.R.C.S., Assistant 

Surgeon to Guy's Hospital. Crown 8vo, 8j. 6d. 
WILLIAMS (Vv. A.). Domestic Hygiene. By w. A. Williams, m.b., 

CM. (Edin.), D.P.H. (Lend.), Lecturer for the West Sussex County 

Council. Crown 8vo. Cloth, is, 6d, Sewed, is, 

BELUS AGRICULTURAL SERIES. 

In crown SvOy Illustrated^ 160 pages ^ cloth, 2s, td, each, 

CHEAL (J.). Fruit Culture. A Treatise on Planting, Growing, Storage 
of Hardy Fruits for Market and Private Growers. By j. cheal, f. R.H.s.y 
Member of Fruit Committee, Royal Hort. Society, etc. 

PREAM (DR.). Soils and their Properties. By dr. william fream, 
B.sc. (Lond.)., F.L.S., F.G.S., F.S.S., Prof. of Nat. Hist, in Downton 
College, and formerly in the Royal Agric. Coll., Cirencester. 

GRIFFITHS (DR.). Manures and their Uses. By DR. A. b. Griffiths, 
F.R.S.E., F.C.S., late Principal of the School of Science, Lincoln ; Membre 
de la Societe Chimique de Paris ; Author of " A Treatise on Manures," 
etc, etc. In use at Downton College. 

— The Diseases of Crops and their Remedies. 

MALDEN (W. J.). Tillage and Implements. By w. j. malden. 
Prof, of Agriculture in the College, Downton. 

SHELDON (PROF.). The Farm and the Dairy. By professor 
J. p. SHELDON, formerly of the Royal Agricultural College, and of the 
Downton College of Agriculture, late Special Commissioner of tibvp 
Canadian Government. In use at Downton ColUgt* 
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Specially adapted for Agricultural Classes. Crown 8vo. Illustrated, is, each. 
Practical Dairy Farming. By professor sheldon. Reprinted from the 

author's larger work entitled " The Farm and the Dairy." 
Practical Fruit Growing. By j. cheal, f.r,h.s. Reprinted from the 

author's larger work, entitled " Fruit Culture.*' 

TECHNOLOGICAL HANDBOOKS. 

Edited by Sir H. Trueman Wood. 

Specially adapted for candidates in the examinations of the City Guilds 

Institute. Illustrated and uniformly printed jn small post 8vo. 

BEAUMONT (R.). Woollen and Worsted Cloth Manufacture. By 

ROBERTS BEAUMONT, Professor of Textile Industry, Yorkshire College, 

Leeds ; Examiner in Cloth Weaving to the City and Guilds of London 

Institute. 3n/ edition, re-written, "With over 200 Illustrations, 'js. (>d. 
BENEDIKT (R), and KNECHT (E.). Coal-tar Colours, The 

Chemistry of. With special reference to their application to Dyeing, etc. 

By DR. R. BENEDIKT, Professor of Chemistry in the University of Vienna. 

Translated by E. KNECHT, ph.d. \_New edition in the Press, 

GADD (W. L.). Soap Manufacture. By w. Lawrence gadd, f.i.c, 

F.C.S., Registered Lecturer on Soap-Making and the Technology of Oils 

and Fats, also on Bleaching, Dyeing, and Calico Printing, to the City and 

Guilds of London Institute. 2nd edition, 5^. 
HELLYER (S. S.). Plumbing: Its Principles and Practice. By 

s. STEVENS HELLYER. With numerous Illustrations. 5^. 
HORNBY (J.). Gas Manufacture. By j. hornby, f.lc, Lecturer 

under the City and Guilds of London Institute. 5;. 
HURST (Q. H.). Silk-Dyeing and Finishing. By G. H. hurst, f.cs., 

Lecturer at the Manchester Technical School, Silver Medallist, City and 

Guilds of London Institute. With Illustrations and numerous Coloured 

Patterns. *js, 6d, 

JACOB I (C. T.). Printing. A Practical Treatise. By c. T. JACOBI, 
Manager of the Chiswick Press, Examiner in Typography to the City and 
Guilds of London Institute. With numerous Illustrations. $s, 

MARSDEN (R.). Cotton Spinning : Its Development, Principles, 
and Practice, with Appendix on Steam Boilers and Engines. By R. 
MARSDEN, Editor of the ** Textile Manufacturer." ^t A edition, 6s. 6d, 

— Cotton Weaving: Its Development, Principles, and Practicet 
By R. MARSDEN. With numerous Illustrations. los, 6d, 

PHILIPSON (J.). Coach Building. ByjOHN philipson, M.INST.M.E., 
Past President of tlie Institute of British Carriage Manufacturers. With 
numerous illustrations. 6s, 

POWELL (H.), CHANCE (H.), and HARRIS (H. G.). Glass 
Manufacture. By H. powell, b.a. (Whitefriars Glass Works); with 
chapters on Sheet Glass, by henry chance, m.a. (Chance Bros., 
Birmingham) ; and on Plate Glass, by H. G. HARRIS, Assoc. Memb. 
Inst. C.E. y.6d, 

ZAEHNSDORF (J. W.). Bookbinding. By j. w. zaehnsdorf. 
Examiner in Bookbinding to the City and Guilds of London Institute 
With 8 Coloured Plate? and numerous Diagrams, z^d editiotif 5^. 
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MUSIC. 

BANISTER (H. C). A Text-Book of Music: ByH. a BANISTES9 
Professor of Harmony and Composition at the R. A. of Music, at the Guild- 
hall School of Music, and at the Royal Normal ColL and Acad, of Music 
for the Blind. i6fk edition, Fcap. 8vo. 51. 

— Lectures on Musical Analysis. Embracing Sonata Form, Fugue^ 

etc., Illustrated by the Works of the Classical Masters. 2nd edition^ 
revised. Crown 8vo, *js, (>d, 

— Interludes. Six Popular Lectures on Musical Subjects. Collected and 

Edited by Stewart macpherson, Fellow and Professor of the Royal 
Academy of Music. With Portrait. Crown 8vo, 5^. net. 

— Musical Art and Study : Papers for Musicians. Fcap. 8vo, 2^. 
HUNT (H. Q. BONAVIA). A Concise History of Music, from the 

Commencement of the Christian era to the present time. For the use of 
Students. By REV. H. G. bonavia hunt, Mus. Doc. Dublin ; Warden 
of Trinity College, London ; and Lecturer on Musical History in the same 
College. 15M edition^ revised to date (1898). Fcap. 8vo, 3^. 6</. 



ART. 

BELL (SIR CHARLES). The Anatomy and Philosophy of Expres. 
sion, as connected with the Fine Arts. By sir Charles bell, k.h. 
*jth edition^ revised, ^5, 

BRYAN'S Biographical and Critical Dictionary of Painters and 
Engravers. With a List of Ciphers, Monograms, and Marks. A new 
Edition, thoroughly Revised and Enlarged. By R. E. graves and 
WALTER ARMSTRONG. 2 volumes. Imp. 8vo, buckram, ;f 3 3^. 

CHEVREUL on Colour. Containing the Principles of Harmony and Con- 
trast of Colours, and their Application to the Arts, yd edition^ with 
Introduction Index and several Plates. 5J. — With an additional series 
of 16 Plates in Colours, *]s, 6d, 

CRANE (WALTER). The Bases of Design. By Walter crane. 
With 200 Illustrations, many drawn by the author. Medium 8vo, i8j. neU 

— Line and Form. A Series of Lectures Delivered at the Municipal School 
of Art, Manchester. With Illustrations. [Preparing, 

DELAMOTTE (P. H.). The Art of Sketching from Nature. By p. 
H. DELAMOTTE. Illustrated. New edition. Imp. 4to, 21s, 

DUNLOP (J. M.). Anatomical Diagrams for the Use of Art Students* 
Arranged with Analytical Notes and drawn out by JAMES M. dunlop, 
A.R.C.A., Antique and Life Class Master, and Lecturer on Artistic 
Anatomy in the Glasgow School of Art. With Ihtroductory^ Preface by 
JOHN CLELAND, M.D., LL.D., F.R.S., Professor of Anatomy in the Uni- 
versity of Glasgow. With 71 Plates, containing 150 Subjects, printed in 
three colours. Imperial 8vo, 6s, net. 

HARRIS (R.). Geometrical Drawing. For Army and other Examina- 
tions. With chapters on Scales and Graphic Statics. With 221 
diagrams. By R. HARRIS, Art Master at St. Paul's School. New 
edition^ enlarged. Crown 8vo, 3^. dd, 

HE ATON (MRS.). A Concise History of Painting. By the late MRS. 
CHARLES HEATON. New edition. Revised by cosmo monkhousb. $*• 
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t^ONARDO DA VINCI'S Treatise on Painting. Translated from 
the Italian by j. F. rigaud, r.a. With a Life of Leonardo and an 
Account of his Works, by j. w. brown. With numerous Plates. $s, 

MOODY (P. W.). Lectures and Lessons on Art. By the late F. w. 
MOODY, Instructor in Decorative Art at South Kensington Museum. With 
Diagrams to illustrate Composition and other matters. Demy 8vo, 4^. 6d, 

PENNBLL (J.). Modern Illustration : Its Methods and Present Con- 
dition. By JOSEPH PENNELL, Author of " Pen Drawing and Pen 
Draughtsmen," etc. With 171 Illustrations. Student's Edition. Post 
8vo, 7^. (>d. 

STRANGE (E. F). Alphabets : a Handbook of Lettering, compiled for 
the use of Artists, Designers, Handicraftsmen, and Students. With com- 
plete Historical and Practical Descriptions. By edward f. STRANGE. 
With more than 200 Illustrations, ^rd edition^ Crown 8vo. 5^. 

WHITE (GLEESON). Practical Designing: A Handbook on the 
Preparation of Working Drawings, showing the Technical Methods em- 
ployed in preparing them for the Manufacturer and the Limits imposed on 
the Design by the Mechanism of Reproduction and the Materials employed. 
Edited by GLEESON WHITE. Freely Illustrated, /^ik edition, CrownSvo, 5j. 
Contents: — Bookbinding, by H. orrinsmith — Carpets, by Alexander 
MILLAR — Drawing for Reproduction, by the Editor — Pottery, by w. p. 
Rix — Metal Work, by R, LL. rathbone — Stained Glass, by selwyn 
IMAGE — Tiles, by owen carter — Woven Fabfics, Printed Fabrics, and 
Floorcloths, by Arthur silver— Wall Papers, by g. c. HAiTfi. 



MENTAL, MORAL, AND SOCIAL 

SCIENCES. 

PSYCHOLOGY AND ETHICS. 

ANTONINUS (M. Aurelius). The Thoughts of. Translated literally, 
with Notes, Biographical Sketch, Introductory Essay on the Philosophy, 
and Index, by georgb long, m.a. Revised edition. Small post Svo, 
y. 6d.f or new edition on Handmade paper, buckram^ 6s, 

BACON'S Novum Organum and Advancement of Learning. Edited, 
with Notes, by j. dbvby, m.a. Small post 8vo, 5^. 

EPICTETUS. The Discourses of. With the Encheiridion and Frag- 
ments. Translated with Notes, a Life of Epictetus, a View of his Philo- 
sophy, and Index, by georgb long, m.a. Small post 8vo, 5^., or new 
edition on Handmade paper, 2 vols., bttckram, lor. td, 

HEGEL'S Philosophy of Right. Translated by s. w. dyde, d.sc. 
Professor of Mental Philosophy in Queen's College, Kingston, Canada. 
Large post 8vo, 7^. 6d, 

KANT'S Critique of Pure Reason. Translated by j. m. d. meiklejohn. 
Professor of Education at St. Andrew's University. Small post 8vo, 5^. 

— Prolegomena and Metaphysical Foundations of Science. With 
Life. Translated by B. belfort bax. Small post 8vo, 51. 

LOCKE'S Philosophical Works. Edited by J. A. ST. JOHN. 2 vols. 
Small post 8vo, y, 6d» each. 
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RYLAND (P.). Psychology, an Introductory Manual for University 
Students, designed chiefly for the London B.A. and B.Sc. By 
F. RYLAND, M.A., late Scholar of St. John's College, Cambridge, ^th 
editum^ re-written and enlarged. With lists of book for Students, and 
Examination Papers set at London University. Crown 8vo, 4J. 6^. 

-» Ethics : An Introductory Manual for the use of University Students* 
With an Appendix containing list of Books recommended, and Exami* 
nation Questions. 7,nd edition. Crown 8vo, 3^. ddf. 

— Logic. An Introductory Manual for the use of University Students. 
Crown 8vo, 4^. dd, 

SCHOPENHAUER on the Fourfold Root of the Principle of Suffi- 
cient Reason, and On the Will in Nature. Translated by madams 
HiLLEBRAND. Small post 8vo, 51. 

-— Essays. Selected and Translated. With a Biographical Introduction 
and Sketch of his Philosophy, by E. bblfort bax. Small post 8vo, 5 j. 

SMITH (Adam). Theory of Moral Sentiments. With Memoir of the 
Author by dugald stewart. Small post 8vo, 3^. td, 

SPINOZA'S Chief Works. Translated, with Introduction, by &. H. M. 
BLWES. 2 vols. Small post Svo^ 51. each. 

HISTORY OF PHILOSOPHY. 

BAX (E. B.). Handbook of the History of Philosophy* By B. BEL- 

FORT BAX. 2nd edition^ revised. Small post 8vo, 5^. 
DRAPER (J. W.). A History of the Intellectual Development of 
Europe. By JOHN william draper, m.d., ll.d. With Index. 2 
vols. Small post 8vo, ^s, each. 

FALCKENBERG(R.). History of Modem Philosophy. ByRiCHARD 
FALCKENBERG, Profcssor of Philosophy in the University of Erlangen. 
Translated by Professor A. c. Armstrong, Demy8vo, ioj. 

HEGEL'S Lectures on the Philosophy of History. Translated by 
J. siBREE, m.a. Small post 8vo, 5^. 



LAW AND POLITICAL ECONOMY. 

KENT'S Commentary on International Law. Edited by j. t. abdt, 
LL.D., Judge of County Courts and Law Professor at Gresham College, 
late Regius Professor of Laws in the University of Cambridge. 2nd 
edition^ revised and brought down to a recent date. Crown 8vo, lox. 6d, 

MONTESQUIEU'S Spirit of Laws. Edited by J. V. pritchard, a.m. 
2 vols. Small post 8vo, 3J. 6d, each. 

PROTHERO (M.). Political Economy. By michael prothero, m.a« 

Crown 8vo, 4J. 6d, 
RICARDO on the Principles of Political Economy and Taxation. 

Edited by B. c. K. gonner, m.a., Lecturer in University Collie, 

Liverpool. Small post 8vo, 5J. 

SMITH (Adam). The Wealth of Nations. An Inquiry into the Nature 
and Causes of. Reprinted from the Sixth Edition, with an Intrcdugtioo 
\)y ERNEST BBLFORT BAX. 2 Yols. Small post 8vo, 3^. 6^, cftch 
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HISTORY. 

BOWES (A.). A Practical Synopsis of English History; or, A 

General Summary of Dates and Events. By Arthur bowes. \Uh 

edition. Revised and brought down to the present timei Demy 8vo, u. 
DENTON (W.). England in the Fifteenth Century. By the late 

REV. w. DENTON, M.A., Worcester College, Oxford. ' Demy 8vo, 12j. 
DYER (Dr. T. H.). History of Modem Europe, from the Taking of 

Constantinople to the Establishment of the German Empire, A.D. 1453* 

1871. By DR. T. H. DYER. A itew edition. In 5 vols. £2 12S» 6d, 
GIBBON'S Decline and Fall of the Roman Empire. Complete and 

Unabridged, with Variomm Notes. Edited by an English Churchman. 

With 2 Maps. 7 vols. Small post 8vo, 3J. 6d, each. 
GREGOROVIUS' History of the Ciiy of Rome in the Middle Ages. 

Translated by annie Hamilton. Vols. I., II., and III. Crown 8vo, 6*, 

each net. Vols. IV., V., and VI., each in two parts, 4s, 6d, net each part. 
GUIZOT'S History of the English Revolution of 1640. Translated by 

WILLIAM hazlitt. Small post 8vo, 3^. 6d, 
'*— History of Civilization, from the Fall of the Roman Empire to the 

French Revolution. Translated by William hazlitt. 3 vols. Small 

post 8vo, 35. 6d, each. 
HENDERSON (E. F.). Select Historical Documents of the Middle 

Ages. Including the most famous Charters relating to England, the 

Empire, the Church, etc., from the sixth to the fourteenth centuries. 

Translated and edited, with Introductions, by ernbst f. Henderson, 

A.B., aIm., PH.D. Small post 8vo, $s. 

— A History of Germany in the Middle Ages. Post 8vo, 7f. 6<f, net. 
HOOPER (George). The Campaign of Sedan : Tiie Downfall of the 

Second Empire, August- September,- 187a. By george hooper. With 

General Map and Six Plans of Battle. Small Post 8vo, 3^. 6d, 
.—-Waterloo : The Downfall of the First Nap6leofir a History of the 

Campaign of 181 5. With Maps and Plans. Small post 8vo, 3^. 6d, 
I«AM ARTINE'S History of the Girondists. Translated by H. T. rydb. 

3 vols. Small post 8vo, 3^*. 6d. each. 
.^- History of the Restoration of Monarchy in France (a Sequel to his 

History of the Girondists). 4 vols. Small post 8vo, 3^. 6d, each., 

— History of the French Revolution of 1848. Small post 8vo, 3^. 6d, 

LAPPENBERG'S History of England under the Anglo-Saxon 
Kings. Ti*anslated by the late B. THORPE, F.s.A. New edition, revised 
. .by E. c. ott£. 2 vols. Small post 8vo, 3^. (>d, each. 

MARTINEAU (H.). History of England from i8oo-Z5. By HARRIET 

martineau. Small post 8vo, 3f. 6^. 
-T History of the Thirty Years* Peace, 1815-46. 4 vols. Small post 8vo, 

jj. 6d, each. 
MAURICE (C. E.). The Revolutionary Movement of 1848-9 in Italy, 
. Austria, Hungary ,^ and Germany. Bye. bdmund maurice. 8vo, idr. 

'MENZEL'S History of Germany, from the Earliest Period to 1842. 

3 vols. Small post 8vo, 3J. td, each. 
MICH ELET'^S History of the French Revolution from its earliest 
, indi^tiqns to the flight of the King in 1791. Small post 8vo, 3^. 6(fi 
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MIGNET'S History of the French Revolution, from 1789 to 1814. 
Small post 8vo, y» 6d, 

RANKE (L.), History of the Latin and Teutonic Nations, 1494 
15 14. Translated by P. a. ashworth. Small post 8vo, 3J. 6d, 

— History of the Popes, their Church and State, and especially of their 

conflicts with Protestantism in the i6th and 17th centuries. Translated 
by E. FOSTER. 3 vols. Small post 8vo, 3^. 6d, each. 

vSIX OLD ENGLISH CHRONICLES: viz., Asser's Life of Alfred 
and the Chronicles of Ethelwerd, Gildas, Nennius, Geofifrey of Monmonih, 
and Richard of Cirencester. Edited, with Note§ and Index, by J. A. 
" GILES, D.cu Small post 8vo, 5 J. !^ 

.STRICKLAND (Agnes). The Lives of the Queens of England ; 
from tlie Norman Conquest to the Reign of Queen Anne. By AGNJ^S 
STRICKLAND. 6 vols. 5^. each. 

— The Lives of the Queens of England. Abridged edition for the 

use of Schools and Families. Post 8vo, 6s. dd, 

THIERRY'S History of the Conquest of England by the Normans. 
Translated by William hazlitt. 2 vols. Small post 8vo, y, 6d, each. 

WRIGHT (H.. F.). The Intermediate History of England, with Notes, 
Supplements, Glossary, and a Mnemonic System. For Army and Civil 
Service Candidates. By H. f. wright, m.a., ll.d. Crown 8vo, dr. - 

— History of England, B.C. 58~a.d. 17 14. Crown 8vo, 3^. 6d, 

Sot other Works of value to Students of History, see Catalogue of 
Bohn's Libraries, sent post-free on application. 



DIVINITY, ETC. 

ASPLEN (L. O.). A Thousand Years of English Church History. 
By the rev. l. o. ASPLEN, late Foundation Scholar of Emmanuel College, 
Cambridge ; Assistant-Priest at the Parish Church, Weston-super-Mare. 
Crown 8vo, 4^. net. 

AtJGtJSTINE de Civitate Dei. Books XI. and XII. By the REV. henry 
D. GEE, B.D., F.S.A. I. Text only. 2s, II. Introduction and Translation. $s, 

— In Joannis Evangelium Tractatus XXIV-XXVII. Edited by the 

REV. HENRY GEE, B.D., F.s.A. I. Text only, I J. 6d. II. Translation 
by the late rev. canon h. brOwn. is. 6d, 

— In Joannis Evangelium Tractatus LXVII-LXXIX. Edited by 

the REV. henry GEE, B.B., F.S.A. I. Text only, is, 6d, II. Trans- 
lation by the late rev. canon h. brown, is. 6d. 

BARRY (BP.). Notes on the Catechism. For the use of Schools. By 
tlie RT. REV, bishop BARRY, D. D. iitk edttioHm Fcap. 2J. - - 

iBLEEK. Introduction to the Old Testament. By friedrich bleek. 
Edited by johann bleek and adolf kamphausen. Translated by 
' G. H. venables. 2 vols. Small post 8vo, 5^. each, 

BUTLER (BP.). Analogy of Religion. With Analytical Introduction 
fuid copious Index, by the late RT. rev, dr. stserb. Fcap. 3^. 6d* 
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EUSEBIUS. Ecclesiastical Histoi:y. of EuseblusPamphilus, Bishop 

of Csesarca. Translated from the Greek by REV. c, F. cruse, m.a. 

With Notes, a Life of Eusebius, and Chronological Table. Sm. post 8vo, 51. 
HUMPHRY (W. G.). Book of Common Prayer, An Historical and 

Explanatory Treatise on the. By w. G. Humphry, b.d. 6th editiotu 

Fcap, 8vo, \5, 

JOSEPHUS (FLAVIUS), The Works of. whiston's Translation. 
Revised by rev. a. r. shilleto, M.A. With Topographical and Geo- 
graphical Notes by colonel sir c. w. wilson, k.cb. 5 vols. 3^. (nt each. 

LUMBY (DR.). Compendium 'of English Church History, from 
1 633 -1830. -With a Preface by j. rawson lumby, d.d. Crown 8vo, 6j. 

MACMICHAEL (J. F.). The New Testament in Greek. With 
English Notes and Preface, Synopsis, and Chronological Tables. By the 
late REV. J. F. MACMICHAEL. Fcap. 8vo (730 pp.), 4J. 6^. 

Also the Four Gospels, and the Acts of the Apostles, separately. 
In paper wrappers, 6^. each. 

MILLER (E.). Guide to the Textual Criticism of the Nev^ Testament. 
By REV. E. DULLER, M.A., Oxon, Rector of Bucknell, Bicester. Cr. 8vo, 41. 

PEARSON (BP.). On the Creed. Carefully printed from an Early 
Edition. Edited by E. walford, m.a. Post 8vo, 5J. 

PEROWNE (BP.). The Book of Psalms. A New Translation, with 
Introductions and Notes, Critical and Explanatory. By the right rev. 
J. J. STEWART PEROWNE, D.D., Bishop of Worcester. 8vo. Vol.i^L 
%th edition, revised, i8j. Vol. IT. 7/// edition^ revised, i6j. 

— The Book of Psalms. Abridged Edition for Schools. Crown 8vo. 

9//4 edition, ^, 

SADLER (M. F.). The Church Teacher's Manual of Christian Instruc- 
tion. Being the Church Catechism, Expanded and Explained in Question 
and Answer. Fortheuseof the Clergyman, Parent, and Teacher. By the 
JIEV. M. F. SADLER, late Prebendary of Wells, and Rector of Honiton* 
^yd thousand, 2j; 
^% A Complete List of Prebendary Sadler's Works will be sent on 

application. I 

SCRIVENER (DR.). A Plain Introduction to the Criticism of the New 
Testament. "With Forty-four Facsimiles from Ancient Manuscripts. For 
the use of Biblical Students. By the late F. H. scrivener, m.a., d.c.l., 
LL.D., Prebendary of Exeter, ijth editiouy thoroughly revised, by the rev, 
E. miller, formerly Fellow and Tutor of New College, Oxford. 2 vols. 
DemySvo, 32^. 

-—• Novum Testamentum Graece, Textus Stephanici, 1550. Accedunt variae 
lectiones editionum Bezae, Elzeviri, Lachmanni, Tischendorfii, Tregellesii, 
curante F. H. A. scrivener, a.m., d.c.l., ll.d. Revised edition, 4s. 6d, 

— Novum Testamentum Grsece [Editio Major] textus Stephanici, 

A.D. 1556. Cum variis lectionibus editionum Bezae, Elzeviri, Lachmanni, 
Tischendorfii, Tregellesii, Westcott-Hortii, versionis Anglicanae emendato- 
rum curante F.'H. A. scrivener, a.m., d.cl., ll.d., accedunt parallela 
s. scripturse loca. Small post 8vo. 2nd edition. *js, 6d, i 

An Editiononwriting'paper, with marginfor notes. 4to, half bound, 12s, 
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SUMMARY OF SERIES. 

BlBUOTHECA ClASSICA. 

Public School Series* 

Bell's Illustrated Classi(?s» 

Cambridge Greek and Lati.n Texts. 

Cambridge Texts with Notes. 

Grammar School Classics. 

Bell's Classical Translations. 

Cambridge Mathematical Series. 

Cambridge School and College Text Books. 

Foreign Classics, 

Modern French Authors. 

Modern German Authors. 

Gombrrt's French Drama. 

Bell's Modern Translations. 

Bell's English Classics. 

Handbooks of English Literature, 

Bell's Science Series. 

Technological Handbooks. 

Bell's Agricultural Series. 

Bell*s Reading Books and Geographical Readers. 

BIBLIOTHECA CLASSICA. 

AESCHYLUS. By dr. palby. Zs, 

CICEKO. By o. LONG. Vols. I. and II. Ss. each. 

DEMOSTHENES. By r. wiiisTon. a W6U. Ss. each. 

EURIPIDES. ByDR.PALEV. Vols. IT. and I IL Sf/each.- 

HERODOTUS. By dr. blakeslby. a Vols. lu. 

HESIOD. ByDR. PALEY. 5;. 

HOMER. By DR. PALEY. 2 Volsi. 14^. 

HORACE. By A. J. maclbank. is. 

PLATO. Phaedrus. By dr. Thompson, st. 

SOPHOCLES. Vol. L By f. h. blaydes. 5s. Vol. IT. By DR. PALSY. 6t, 

VIRQIL. By conington and nettleship. 3 Vols. tos. 6d. each. 

PUBLIC SCHOOL SERIES. 

ARISTOPHANES. Peace. By dr. palby. v,6d, 

— Achamians. By dr. palsy. 3j. Cd. 

— Frogs. By dr. paley. sj. 6a. 

— PlutUS. By M. T. QUINN. 3*. 6*f, 

CICERO. Letters to Atticus. Book I. ByA. pretor. 4«.&/. 
DEMOSTHENES. De Falsa Legatione. By r. shillbto. 0f« 
■— Adv. Leptinem. By b. w. deatson. 3^. 6d. 
LIVY. Book VI. By E. s. weymouth and c. f. HAMiLa'CN. a*. 6d. 

— Books XXI. and XXII. By l. p. dowdall. af . each. 

PLATO. Apology of Socrates and Crito. By dk. w. WaCnrr. m. td," 

— Phaedo. By dr. \v. wagner. 5*. 6d. 

» Protagoras. By w. waytb. 4s. 6d, ... 

— Gorgias. By dr. thomi>son. 6s. 

— Eutnyphro. By g. h. wells. 3*. ~^ 

— Euthydemus. By g. h. wells. 41. 

— Republic. Books I. and II. By g. h. wblls. S'* 
PLAUTUS. Aulularia. By dr. w. wagner. \s.6tL 

— Trinummus. By dr. w. wagner. 4*. 6d. 

— Menkechmei. By dr. w. wagner. is.6d, 
•- Mo&teUaria. By b. Af sonnxnscuein. $«. 
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PUBLIC SCHOOL SERIES— rw//V/f/if^/, 

SOPHOCLES. TrachinUe. By a. prbtor. 41. &iL 

— Oedipus TyrannuB. By b. h. kbnneuy. u. td. 
TERENCE. By DR. w. WAGNER, ^s,(>d. 
THUCYDIDES. Book VI. By t. w. dougan. w. 

BELL'S ILLUSTRATED CLASSICS. 

CASAR. Books I. and II. By a. c. liddell. zi. 6(/. each. 

— Book III. By p. H. coLSON and g. u. gwyther. zj. dd, 

— Book IV. By rev. a. w. upcott. z*. td, 

— T Book V, By A, REYNOLDS. IS. id, 

— Book VI. By T. t. phillipson. z*. 6</. 

CICERO. Against Catiline. Books Land II. By P. herrikg. zf. 6r/. 
-~ Selections. By j. f. ch^RI-es. i^. bd. 

CORNELIUS NEPOS. Epaminondas, Hannibal, Cato. By h: l. eari.. 
zx. hd. 
 EUTROPiUS. Books I. and II. By j. g. spencer, js. 6d. 
HORACE. Odes, Books I. and II. By c. g. bottinc. 2 vols., is. 6d. each. 
LIVY. Book IX. (c. Z-19). By w, flamstead Walters, m.a. is. td. 

— Hannibal's First Campaign in Italy. By f. e. a. trayes. xs. 6J. 
OVIO. Metamorphoses. Book I. By g. h. wells, is.td. 

^ Selections from the Metamorphoses. By f. coverley smith, xs, 6d, 

— Elegiac Select- ons. By j. w. e. psarcb. xs. 6d, 
•> Tristia. Book III. By h. r. woolrych. is. 6d. 
PHADRUS. Selections. By rev. r. h. chambers, xs, 6d, 
STORIES OF GREAT MEN. By rev. f. conway. xs, 6d. 
VIRGIL. Aneid. Book I. By rev. e. h. s. bscott. 

— -^ Books II. and III. By l. d. wainwright. 2 vols. is. 6d, each. 

— — Book IV. By a. s. warman. xs. 6d. 

Selections from Books VII. -XII. By w. g. coast, is. 6d* 

CAMBRIDGE GREEK AND LATIN TEXTS. 

AESCHYLUS. By dr. paley. ax. 
CAESAR. By g. long. xs. 6d. 

CICERO. De Senectute, de Amicitiai et Epistolae Selectae. By^. long. 
xs, 6d. 

— Orationes in Verrem. By g. long. as. 6d. 
EURIPIDES. ByDR. palry. 3 Vols. 2f. each. 
HERODOTUS. By dr. blakbsley. 3 Vols. 2s. 6d. tsidu 
HOMER'S Iliad. ByDR. paley. xs. 6d, 
HORACE. By a. j. jmacleane. xs. 6d, 

1UVENAL AND PERSIUS. By a. j. macleanb. u.6d. 
rUCRETIUS. By h. a. j. munro. as. 
.OVID. By dr. fostgate and Others. 3 vols. as. each. 
8ALLUST. By g. long, xs, 6d, 
SOPHOCLES. By dr. paley. as, 6d, 
TERENCE. By DR. w. WAGNER, as, 
THUCYDIDES. By dr. donaldson. a Vols, af . each. 
VIRGIL. By PROF, conington. as. 
XENOPHON. Byj. F. MACMiCHAEL. xs.6d. 
NOVUM TESTAMENTUM GRAECE. By dr. scrivener. 41.6^ 

CAMBRIDGE TEXTS WITH NOTES. 

AESCHYLUS. ByDR. paley. 6 Vols. zf. &/. each 

EURIPIDES. By dr. paley. Z3 Vols. (Ion, a^) xs. 6d. each. 

HOMER'S Iliad. ByDR. paley. xs. 

SOPHOCLES. By dr. paley. 5 Vols. xs. 6d. each. 

XENOPHON. Hellenica. By rev. l. d. dowdalu Books I. and II. as. each. 

*- Anabasis. Bv j. f. macmichaeu 6 Vols. xs. 6d. each. 

CICERO. De senectute,,deAmicitla,et Epistolae Selectae. By q. long. 

3 Vols, xs- 6d. each. 
QViD. Selections. By a. j. maclbanb. z«. 6</, 

— Fasti. ByDR. paley. 3 Vols. aj. each. 
TERENCE. By DR, w. WAGNER. 4 Vols. is. 6d. t»c\ 
VI ROIL. By f Ror. goNiNQTON, z? VgJ?. n- 6d, each. 
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GRAMMAR SCHOOL CLASSICS. 

CAESAR. De Bello Oallico. By a. tx>Na 4#., or in 3 parts, zx. 6«/. each. 
CATULLUS, TIBULLUS, and PROPBRTIUS. By a. h. wratislaw 

and F. N. SUTTON, sf. &/. 
CORNELIUS NBPOS. Dy j. p. macmichabl. ax. 

CICERO. De Senectute, De Amicitia, and Select Epistles. Bye. long. 31. 
HOMER. Iliad. By dr. ^aley. Books I.'XII. 41. 6rf., or in a Parta» sf. 6</. each* 
HORACE. Bv a. j. macleane. y. dd., or in s Parts, 2f. each. 

IUVBNAL. By HERMAN PRIOR. 3X. 6</. 
I ARTIAL. ' By dK. palev and w. h. stone. At. 6d. 
OVID. Fasti. By dr. paley. 3;. 6^/., or in 3 Parts, is. 6d. each. 
8ALLUST. Catihna and Jugurtha. By c. long and j. g. prazbr. yt. 6d, 

or in a Parts, ar.each. 
TACITUS. Germania and Agricola. By p. frost. 9*, 6d. 
VIRQIL. conington's edition abridged, a Vols. 41. M, each, or in 9 Parts, 
IS. 6d. each. 

— Bucolics and Oeorgics. conington's edition abridged, y. 
XENOPHON. By j. f. macmichabl. 3^. 6ii., or in 4 Parts, is, td. each. 

— Cyropaedia. By g. m. gorham. y. 6^., or in a Parts, is, 6d, each. 

— Memorabilia. By percival frost. 3^. 

BELL'S CLASSICAL TRANSLATIONS. 

AESCHYLUS. By Walter hbadlam. 6 Vols. {tn the Prut* 

ARISTOPHANES. Acharnians. By w. H. covington. z;. 

<i— Plutus. By M. T. quinn. is, 

CAESAR'S Gallic War. By w. a. mcdbvitte. a Vols. u. each. 

CICERO. Friendship and Old Age. By g. h. wblls. xs. 

DEMOSTHENES. On the Crown. By c. rann kennbuy. u^ 

EURIPIDES. 14 Vols. By e. p. COLERIDGE. z«. each. '_ 

HORACE. 4 Vols. By a. Hamilton brvce, ll.d. u» each* 

LIV Y. Books I.-IV. By j. h. freese. xs. each, 

~~ Book V. and VI. By e. s. wbymouth. xs, each. 

»- Book IX. By F. STORR. xs, 

— Book XXI. By j. b. baker, xsx 

LUCAN : The Pharsalia. Book I. By p. conway. ia . 
OVID. Fasti. 3 Vols. By h. t. rilby. xs. each. 

— Tristia. By h. t. rilby. xs. 

SOPHOCLES. 7 Vols. By b. p. colbridgb. ix. each 
THUCYDIDES. Books VL and VIL By e. c marchamt. ii. «adb 
VIRGIL. 6 Vols. By A. Hamilton brycb. i«. each. 
XENOPHON. Anabasis^ 3 Vols. By j. s. watson. u. each. 

— Hellenics. Books I. and Ih By h. dalb. xs, 

CAMBRIDGE MATHEMATICAL SERIES. 

ARITHMETIC. By c. pendlebury. 4«. 6d,, or in a Parts, sf. 6tL each. 

Key to Part II. js. td. net. 
EXAMPLES IN ARITHMETIC. By c fendlbbury. y.. or in a Part% 

xs, 6d. and 2J. 
COMMERCIAL ARITHMETIC. By c pendlebury and w. s. brard, qs. 6d, 
ARITHMETIC FOR INDIAN SCHOOLS. By pendlebury and tait. 3^. 
.' ELEMENTARY ALGEBRA. By j. t. hathornthwaitb. ar. 
CHOICE AND CHANCE. By w. a. whitworth. 6*. 
D C C EXERCISES (a companion to "Choice and Chance"). 6s, 
EUCLID. By h.deighton. 4J. 6d., or Books I.-IV., y. : Books V.-XI., 2*. 6d, 

or Book I., xs. : Books I. and II., z^. 6d. ; Books I.-III., zs. dd. \ Books III 

and IV., xs. 6d. Key. 5J. net. 
INTRODUCTION TO EUCLID. By h. dkighton and bmtagb. m. &/. 
EXERCISES ON EUCLID, &c. Byj. mcdowelu 6*. 
ELEMENTARY MENSURATION. By b. t. moore. 3*. 6c/. 
ELEMENTARY TRIGONOMETRY. By c pendlebury. As.€d, 
ELEMENTARY TRIGONOMETRY. By dyer and whitcombe. 44; &£ 
PLANE TRIGONOMETRY. By t. g. vyvyan. v.6d. 
ANALYTICAL GEOMETRY FOR BEGINNERS. By t. g. vyvyaw. 

EXAMPLES IN ANALYTICAL CONICS. By w. m. baker. 2S.(d. 
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CAMBRIDGE MATHEMATICAL SERIES-.^tf«/w«/^rf. . 

ELRMENTARY GEOMETRY OP CONICS. ByDR.TAVLOR. 4*. ©<<. 
QEOMETRIOaI CONIC SECTIONS. By dr. w. h. besant. 4*. 6*i 

WT KM h?NTa'rY CONICS. By dr. w. h. besant. a*. 6//. 
GEOMETRICaI CONIC SEC^TIONS. By h. g. willis. y. 
SOLID GEOMETRY. By w. s. aldis. 6*. 
GEOJ/IETRICAL OPTICS. Byw. s. ALDis. 4*. 
ROULETTES AND GLISSETTES. By dr. w. h. besant. ss. 
-„ ELEMENTARY HYDROSTATICS. By dr. w. h. besant. ^s.6d, 

HYdIiOMEcSaNICS. PartL Hydrostatics. By dr. w. h. besant. 5». , 
DYNAMICS. By dr. w. h. besant. los. 6d, 
RIGID DYNAMICS. By w. s. aldis. 4^. 
ELEMENTARY DYNAMICS. By dr. w. garnett. 6j. 
r KfeRMENTARY TREATISE ON HEAT. By dr. w. garnett. 4*. 6^- 
ELEMENTS OF APPLIED MATHEMATICS. By c. m. jessop. 4* 6/. 
PROBLEMS IN ELEMENTARY MECHANICS. By w. walton. 6s. 
EXAMPLES IN ELEMENTARY PHYSICS. . By w. gallatly. 4^. 
MATHEMATICAL EXAMPLES. By dyer and prowde smith. 6*. 

CAMBRIDGE SCHOOL AND COLLEGE TEXT BOOKS. 
ARITHMETIC. By c. elsee. 3*. 6^. 
ixAVpLES^'TN ARITHMETIC. By watsom and goudie. a*. 6rf. 

EXAMPLES %^* ALGEBRA. By macmichabl and pbowdb SMITH. 31. &<. 

and 4X. 6(i. _„ „ 

PLANE ASTRONOMY. By p. T. main. 4*. 

STATICS. By bishop goodwin. 3*. 

NEWTON'S Principia. By evans and main. 4*. 

ANALYTICAL GEOMETRY. By t. g. vyvyan. 4*. Wl 

COMPANION TO THE GREEK TESTAMENT. By A. C barrett. 5*. 

TEXT BOOK OF MUSIC. By h. c. banister, s*. 

CONCISE HISTORY OF MUSIC. By dr. h. g. bonavia hunt. 3*. &/. 

FOREIGN CLASSICS. 

FENELON'S T^l^maque. By c. j. delillb. 2*. 6//. 

LA FONTAINE'S Select Fables. By f. e. a. gasc. i*. 6rf. 

LAMARTINE'S Lc Taillcur de Pierres de Saint-Point. By j. boIellb. 

SAINTINE'S Picciola. By dr. dubuc. is. 6J. 

VOLTAIRE'S Charles XII. By l. direy. is. M, 

GERMAN BALLADS. By c. l. bielefeld. is. 6if. 

GOETHE'S Hermann und Dorothea. By e. bell and e. wolfel. x*. oa. 

SCHILLER'S Wallcnstein. By dr. buchheim. 5*., or in a Parts, 2s. 6d. each. 

— Maid of Orleans. By dr. w. \vagner is, td. 

Maria Stuart. By v. kastner. is. 6d, 

MODERN FRENCH AUTHORS. 

BALZAC'S Ursule Mirouet. Byj. boielle. 3*. 
CLARETIE'S Pierrille. By j. boielle. ^. 6d. 
DAUDET'S La Belle Nivernaise. Byj. boielle. u. 
GREVILLE'S Le Moulin Frappier. By j. boielle. 3*. 
HUGO'S Bug Jargal. Byj. boielle. 3*. 

MODERN GERMAN AUTHORS. 

AUERBACH'S Auf Wache, etc. By a. a. macdonell. s& 

BENEDIX'S Doktor Wespe. By prof, lange. ^.6d. 

EBERS* Eine Frage. By f. storr. 2*. 

FREYTAG'S Die Journalisten. By prof, lange. a*. 6d, 

— Soil und Haben. By w. h. crump, af. 6d. 

GERMAN EPIC TALES. By dr. karl nbuhaus. m^W- 



